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20.  (Continued) 

Field  surveys  of  the  Thames  River  hydrography,  phytoplankton,  and  trace  metal 
iconcentrations  in  water,  sediment  and  shellfish  suggested  that  effects  of 
dredging  on  primary  production  were  spatially  and  temporally  limited.  The 
highest  concentrations  of  nickel,  lead,  cadmium  and  mercury  in  water  samples 
were  observed  before  or  during  dredging,  while  copper  was  highest  after  dredging 
but  were  generally  higher  upriver.  Sediment  levels  of  these  five  metals,  plus 
zinc  and  organic  carbon,  increased  in  an  upriver  direction.  Dredging-related 
changes  in  trace  metal  body  burdens  in  shellfish  but  were  difficult  to  separate 
from  normal  seasonal  variations.  No  gross  pathology  was  detected  in  the 
shellfish. 

The  physical  oceanography  of  the  disposal  area  showed  that  turbidity  was  higher 
in  bottom  waters  than  near  the  surface  and  was  not  restricted  to  the  vicinity 
of  the  spoil  pile.  Maximum  transport  was  in  the  aast/west  direction  with 
highest  values  occurring  during  the  ebbtide. 

Studies  on  the  chemical  oceanography  of  disposal  area  showed  that  water  quality 
parameters  (Eh,  pH,  turbidity,  dissolved  oxygen,  suspended  and  volatile  solids) 
showed  no  patterns  relative  to  distance  or  direction  from  dumpsite,  though 
seasonal  changes  in  these  parameters  were  evident. 

Studies  on  the  effect  of  dredging  and  spoils  deposition  on  fecal  coliform 
counts  at  the  disposal  site  showed  that  spoil  disposal  did  not  increase 
densitltes  in  sediments  and  bottom  waters  of  the  disposal  area. 

Studies  on  sediments  and  benthic  macrofauna  showed  that  surface  sediments  at 
the  disposal  point  and  several  surrounding  stations  (<  4 n ml  from  this  point) 
clearly  had  large  increases  in  percentages  of  silts  and  clays.  Indicative  of 
the  presence  of  spoils,  during  and  after  spoiling.  No  spoil  Impai  ts,  distingulsl- 
able  from  apparently  natural  fluctuations,  were  detected  outside  of  the  pile. 

Demersal  flnflsh  studies  of  disposal  area  showed  that  the  numbers  of  fish 
caught  dropped  sharply  after  disposal  began,  and  postdisposal  catches  did  not 
return  to  the  baseline  level.  It  was  thought,  however,  that  the  variation 
might  be  a seasonal  rather  than  a spoiling  effect. 

Scuba  survey  and  underwater  photography  of  disposal  site  indicated  that  troughs 
mounds  of  newly  dumped  material  provided  relief  to  the  normally  flat  bottom 
topography  and  were  initially  attractive  to  demersal  fish  and  Crustacea. 

No  obvious  turbidity  was  noted  at  the  spoil-water  Interface  during  1.5  knot 
currents. 
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INTRODUCTION 


Dredging  Background 

The  U.  S.  Navy,  to  accommodate  a new  class  of  nuclear  submarines  at 
its  Groton,  CT,  base,  is  dredging  extensive  portions  of  the  Thames  River, 

CT.  The  dredging  is  largely  new  work  which  deepens  existing  channels  and 
berthing  areas  from  predredging  depths  of  32-33  ft  (9.8  - 10.1  m)  to  36  ft 
(11.0  m)  plus  one  foot  (0.3  m)  overdredge.  The  dredging  is  being  conducted 
in  two  increments  or  phases.  Phase  I extended  from  19  August  1974  through 
18  July  1975,  and  included  the  portion  of  the  river  channel  between  Long 
Island  Sound  and  the  Gold  Star  Memorial  Bridge  (Figure  1) . According  to 
U.  S.  Army  Corps  of  Engineers  (COE)  estimates,  approximately  1,510,112  yd^ 
(1,156,746  m^)  of  spoils  were  removed  during  Phase  I. 

Future  planned  Navy  dredging  includes  the  section  of  the  river  channel 
from  the  Gold  Star  Bridge  to  the  submarine  base  (ca.  1,292,000  yd^  or 
989,672  m^) . Another  195,000  yd^  (149,370  m^)  of  spoils  would  be  created 
in  extending  the  river  channel  about  533  ft  (163  m)  north  of  its  present 
terminus.  Berthing  areas  at  the  submarine  base  must  be  dredv^ed  to  -39  feet 
(11.9  m)  with  one  foot  overdredge,  generating  an  additional  514,000  yd^ 
(393,724  m^)  of  materials.  Dredging  of  a floating  drydock  area  to  -59  feet 
(18.0  m)  is  also  planned;  this  would  involve  154,000  yd^  (117,748  m^) 

(Dept,  of  the  Navy,  1976) . The  total  volume  of  spoils  to  be  removed  in  Phase 
II  IS  estimated  to  be  1,845,000  yd  (1,410,687  m'^) . At  this  writing.  Phase  II 
dredging  was  scheduled  to  begin  in  June  1977.  An  additional  200,000  yd^ 
(152,920  m^)  of  dredging  is  projected  througfi  1985  (Dept,  of  the  Navy,  1976). 
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Figure  1 


Lower  Thames  River,  showing  approximate  area  dredged  during 
first  increment  (\\\\\),  and  Eastern  Long  Island  Sound,  with 
designated  New  London  Dumping  Ground  indicated.  •=  Original 
disposal  point  for  first  spoil  increment. 
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Sediments  of  the  dredging  areas  have  been  described  as  uniformly 
clayey  organic  silts  with  moderate  plasticity  and  cohesiveness  (Dept,  of 
the  Navy,  1973) . The  sediments  removed  in  the  first  increment  exceeded 
interim  EPA  guidelines  only  for  volatile  solids,  chemical  oxygen  demand 
and  Kjeldahl  nitrogen.  Values  for  these  indices  decreased  both 
in  a downriver  direction  and  with  depth  in  the  sediments.  That  most  spoils 
deposited  to  date  have  been  fairly  cohesive  and  uncontaminated  must  be 
considered  in  evaluating  this  report’s  findings  on  contaminant  levels 
and  impacts  on  biota.  Sediments  still  to  be  removed  are  considered  less 
consolidated  (at  least  surficially)  as  well  as  more  contaminated. 

Large  capacity  (10-14  yd^  or  7.7-10.7  m3)  bucl<et  dredges,  and  bottom- 
release  scows  (Figure  2)  have  been  utilized  in  an  effort  to  minimize 
turbidity  in  the  dredging  and  disposal  areas.  Spoils  from  the  first 
increment  of  dredging  were  dumped  at  the  New  London  Dumping  Ground,  a 
1 nautical  mile  (n  mi)  square  designated  disposal  area  bounded  by  41°15.7' 
and  41°16.7'  N,  and  72°04.0'  and  72°05.3‘  W,  and  centered  approximately 
2.7  n mi  S of  the  Thames'  mouth  (Figure  1).  Predisposal  water  depths 
within  the  dumping  ground  ranged  from  47-81  ft  (14.3-24.7  m)  except  for 
a mound  reaching  to  36  ft  (11.0  m) , probably  a relict  of  past  spoil  dis- 
posal, in  the  north-central  portion  of  the  dumping  ground.  As  a rule, 
depths  increased  from  N to  S,  reflecting  the  general  trend  of  deeper 
waters  as  one  moves  from  the  mouth  of  the  Thames  toward  the  Race.  Point 
dumping  of  the  spoils  has  been  attempted,  utilizing  a buoy  installed  for 
this  purpose  at  41“16.13'  N,  72°06.02’  W,  in  the  southwest  quadrant  of 
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the  dumpinq  square.  Spoils  were  released  at  this  buoy  from  19  August 
to  20  December  1974.  At  that  time,  due  to  formation  of  a peak  of 
spoils,  water  depths  at  the  disposal  buoy  had  decreased  from  their 
oriqinal  70  ft  (21.4  m)  to  less  that  50  ft  (15.3  m)  depths.  The  dis- 
posal point  was  therefore  shifted  ca.  600  ft  (183  m)  to  the  SE,  to 
41°16.1  N,  72°04.99'  W.  On  22  July  1975,  the  buoy  itself  was  moved 
ca.  150  ft  (45.8  m)  to  the  S (41°16.90  N,  72°05.00  W) . 

The  New  London  Dumping  Ground  has  historically  served  as  a disposal 
area,  receiving  approximately  6,000,000  yd^  (4,656,000  m^)  of  spoils 
over  the  past  20  years  (Dept,  of  the  Navy,  1976).  The  largest  recent 
addition  was  the  92,500  yd^  (70,855  m^)  dredged  by  the  Navy  from  a Groton 
pier  construction  site  in  1972.  Environmental  effects  of  that  operation 
were  monitored  (Naval  Oceanographic  Office,  1973)  in  an  attempt  to  pre- 
dict impacts  of  the  larger  project  now  underway.  Several  smaller  dredging- 
disposal  projects,  including  14,500  yd^  (11,107  m3)  by  the  Mystic  Marine 
Historical  Association  and  7,400  yd3  (5,668  m3)  by  Amerada  Hess,  were 
carried  out  concurrently  with  the  Navy's  first  dredging  increment. 

Study  Background 

Linder  the  terms  of  the  dumping  permit,  the  dredging  and  disposal  were 
to  be  accompanied  by  an  extensive  survey  to  monitor  their  environmental 
effects.  The  National  Oceanic  and  Atmospheric  Administration  (NOAA)  was 
designated  the  lead  agency  in  these  investigations,  which  were  funded  by 
the  Navy.  Coordination  of  all  studies  was  undertaken  by  the  Northeast 
Fisheries  Center  (MACFC)  , National  Marine  Fisheries  Service,  NOAA. 
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This  qroup  was  also  responsible  for  two  specific  investigations: 
microbiology  (Section  E of  this  report)  and  benthic  macrofauna  (Section 
F)  of  river  and  dumpsite. 

The  disposal  permit  also  stipulated  that  a representative  segment 
of  the  scientific  and  academic  institutions  of  the  Long  Island  Sound 
region  should  participate  in  the  monitoring  studies.  On  this  basis,  the 
New  York  Ocean  Science  Laboratory  (NYOSL) , Montauk,  N.  Y.^was  awarded 
subcontracts  to  investigate  disposal  impacts  on  physical  and  chemical 
oceanography,  and  finfish  populations,  of  the  dumpsite  and  surrounding 
areas  (Sections  C,  D and  G,  respectively) . T)ie  University  of  Connecti- 
cut (UCONN) , Groton,  Conn.,  was  designated  to  determine  effects  of  dredg- 
ing on  river  flow  characteristics  and  co.icentrations  of  suspended  mater- 
ials (Section  A),  as  well  as  heavy  metals  in  river  water,  sediments  and 
shellfish,  and  shellfish  gross  pathology  (Section  B) . UCONN  has  also 
conducted  SCUBA  surveys  of  the  spoil  pile  and  its  lobster  populations 
(Section  H) . 

All  the  above  investigations  began  with  "baseline"  surveys  in  June- 
.7uly  1974,  shortly  before  the  onset  of  dredging.  Sampling  for  most  pro- 
jects was  on  a quarterly  or  more  frequent  basis,  extending  at  least 
through  Fe),ruary  1976.  Seven  quarterly  reports  on  activities  and  find- 
ings of  the  various  projects  were  submitted  to  the  Navy. 

In  August  1974,  a set  of  criteria  specifying  the  limits  of  acceptable 
imi  acts  at  the  disposal  area  was  released  by  COE  after  consultation  with 
the  Interagency  Scientific  Advisory  Subcommittee  on  Ocean  Dredging  and 
Spoiling,  or  ISASODS.  (ISASODS  consists  of  one  northeastern  area  repre- 
sentative from  each  of  the  following  agencies:  COE,  U.S.  Pish  and  Wildlife 
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Service,  U.  S.  Geological  Survey,  U.  S.  Environmental  Protection  Agency 
and  National  Marine  Fisheries  Service.  The  representatives  advise  their 
respective  regional  directors  on  matters  related  to  dredging  and  spoiling 
in  northeastern  waters.  As  of  January  1977,  the  States  of  New  York  and 
Connecticut  have  also  been  made  members  of  ISASODS.)  The  majority  of 
these  monitoring  criteria  considered  a circle  of  one  mile  radius, 
centered  at  the  disposal  buoy,  as  the  area  within  which  some  impacts 
were  unavoidable  and  acceptable.  If  the  criteria  were  exceeded,  or  other 
significant  impacts  detected,  the  monitoring  study  was  to  notify  COE 
through  ISASODS,  and  ojjerations  were  to  be  halted  until  alternative, 
acceptable  means  of  dredging  and  disposal,  or  an  alternate  disposal  site, 
were  agreed  on.  Where  feasible,  the  monitoring  surveys  have  adapted  their 
objectives,  sampling  strategies  and  schedules  to  address  the  monitoring 
criteria . 

Other  studies  related  to  the  disposal  project  include  several 
bathymetric  surveys  of  the  disposal  area  by  COE  and  by  the  Naval  Under- 
water Systems  Center  (NUSC) , and  current  measurements  by  NUSC.  These 
studies  will  be  discussed  only  as  they  pertain  to  portions  of  the  present 
report. 

SUMMARY  OF  FINDINGS 

A.  Impact  of  Dredging  Operations  on  Suspended  Material  Transport  in 
the  Lower  Th^^mes  River  Estuary:  The  suspended  material  field  in  the 

Thames  River  Estuary  is  characteristic  of  a sediment-poor  system  and 
displays  low  average  concentration  levels  (<5  mg/1)  and  erratic 
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variability  with  no  obvious  spatial  or  temporal  trends.  In  this  system 
tiie  Phase  I dredqing  operation:  1)  Produced  perturbations  in  suspended 

material  concentrations  and  composition  that  were  confined  to  an  area 
within  300  to  500  yards  of  the  operating  dredge  and  barge.  2)  Produced 
an  increase  in  total  suspended  load  within  the  estuary  that  was  small  in 
comparison  to  that  produced  by  typical  aperiodic  storm  events.  3)  Caused 
no  major  alterations  in  mass  transport  within  the  estuary. 

P.  Thames  River  Hydrography,  Phytoplankton,  and  Trace  Metal  Concentrations 
in  Water,  Sediment  and  Shellfish:  1)  Field  surveys  and  elutriate 

experiments  suggested  that  effects  of  dredging  on  primary  production 
were  spatially  and  temporally  limited.  2)  Highest  concentrations  of 
nickel,  lead,  cadmium  and  mercury  in  water  samples  were  observed  before 
or  during  dredging,  while  copper  was  highest  after  dredging.  Nickel, 
lead  and  copper  were  generally  higher  upriver;  mercury  was  more  concen- 
trated in  the  lower  river.  Mercury  decreased  in  dredge-induced  turbidity 
plumes.  3)  .Sediment  levels  of  these  five  metals,  plus  zinc  and  organic 
carbon,  increased  in  an  upriver  direction.  Postdredging  concentrations 
of  zinc  and  copper  were  significantly  reduced  in  lower  river  sediments 
in  comparison  with  earlier  values.  4)  Dredging-related  changes  in  trace 
metal  body  burdens  in  the  oyster,  Crassostrea  virginica,  hard  clam, 
Mercenaria  mercenar ia , and  morrhua  clam.  Pi  tar  morrhuana  were  difficult 
to  separate  from  normal  seasonal  variations.  The  significant  decreases  in 
five  metals  in  C.  virginica  probably  reflected  a general  reduction  of  these 
metals  in  the  environment.  In  M.  mercenaria , however,  as  many  metals  had 
increased  concentrations  as  had  decreases.  No  gross  pathology  was  detected 


in  the  shellfish. 
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C.  Physical  Oceanoqraphy  of  Disposal  Area:  1)  Turbidity  was  hiqher 

in  bottom  waters  than  near  the  surface.  This  was  not  restricted  to  the 
vicinity  of  the  spoil  pile;  however,  slightly  higher  turbidity  downstream 
of  the  pile  indicated  that  some  scouring  of  spoils  was  taking  place. 

2)  The  average  speed  of  the  turbidity  or  density  cloud  resulting  from 
barge  discharges  was  approximately  16  m/min.  3)  Drogue  experiments  and 
current  meter  records  showed  net  flows  to  the  SE  at  the  surface,  E at 
mid-depth  and  NE  near  bottom.  Maximum  transport  was  in  the  east/wost 
direction  with  highest  values  occurring  during  the  ebb.  4)  A reversal 
from  SE  to  NE  flow  appeared  approximately  midway  in  the  ebb  tidal  cycle. 

D.  Chemical  Oceanography  of  Disposal  Area:  1)  Water  quality  parameters 

studied  {Eh,  pH,  turbidity,  dissolved  oxygen,  suspended  and  volatile 
solids)  showed  no  patterns  relative  to  distance  or  direction  from  dumpsite, 
though  seasonal  changes  in  these  parameters  wore  evident.  2)  Concentrations 
of  Kjeldahl  nitrogen,  total  phosphorus  and  seven  metals  (cadmium,  copper, 
iron,  nickel,  load,  zinc  and  mercury)  in  seston  were  also  not  obviously 
related  to  proximity  to  spoiling.  3)  Water  quality  rapidly  (within  two 

hours)  returned  to  ambient  following  a dumping  event.  4)  Sediments  from 

2 

stations  within  or  bordering  on  the  1 n mi  designated  dumping  ground  were 
generally  higher  in  iron,  copper,  chemical  oxygen  demand,  total  phosphorus 
and  Kjeldahl  nitrogen  than  wore  sediments  outside  the  area.  No  evidence 
of  spreading  of  the  material  outside  of  the  dumpsite  was  found.  5)  Benthic 
animals  collected  inside  and  outside  the  dumping  ground  had  similar  concen- 
trations of  heavy  metals,  phosphorus  and  nitrogen. 
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E.  Effect  of  Dredging  and  Spoils  Deposition  on  Fecal  Coliform  Counts 

in  Sediments  and  Bottom  Waters  of  the  Thames  River  and  New  London  Disposal 
Site:  1)  Predredging  fecal  coliform  densities  were  high  (mean  14,000/ 

100  ml)  in  surficial  river  sediments.  2)  Spoil  disposal  did  not  increase 
densitites  in  sediments  and  bottom  waters  of  the  disposal  area.  3)  No 
significant  differences  wore  found  between  fecal  coliform  counts  in  sedi- 
ments within  one-half  n mi  of  the  disposal  point  and  counts  at  stations 
further  removed  from  spoiling.  4)  Counts  in  bottom  waters  of  the  spoiling 
area  were  higher  on  ebb  tides  than  on  flood  tides.  This  indicates  that 
the  Thames  River  outflow  plays  a major  role  in  determining  fecal  coliform 
densities  in  disposal  area  waters  and  sediments. 

F.  Sediments  and  Benthic  Macrofauna:  1)  Surface  sediments  at  the  disposal 

point  and  several  surrounding  stations  ( ^ 1/2  n mi  from  this  point)  clearly 
had  large  increases  in  percentages  of  silts  and  clays,  indicative  of  the 
presence  of  spoils,  during  and  after  spoiling.  Spoils  wore  not  detected 

at  greater  distances,  perhaps  due  in  part  to  sampling  variability  and  sedi- 
ment patchiness.  2)  Species  diversity,  numbers  of  individuals  and  species 
of  benthic  macrofauna  were  greatly  reduced  within  the  spoil  pile.  No  spoil 
impacts,  distinguishable  from  apparently  natural  fluctuations,  were-  detected 
outside  of  the  pile.  3)  Changes  in  species  composition  were  somewnat  more 
widespread.  Populations  of  several  predisposal  dominant  amphipods  and 
bivalves  decreased  throughout  the  2 n mi  radius  study  area,  and  polychaetes 
at  < 1 n mi  from  spoiling.  No  changes  were  evident  in  numbers  of  the  overall 
don  inant  species,  the  amphipod,  Ampelisca  vadorum.  4)  Samples  ta)cen  2-14  months 


after  termination  of  disposal  showed  progressive  recolonization  of  the 
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spoil  pile.  In  the  absence  of  additional  spoiling,  a fairly  complete 
recovery  of  the  disposal  area  fauna  would  be  expected. 

G.  Demersal  Pinfish  of  Disposal  Area:  1)  Numbers  of  fish  caught 

dropped  sharply  after  disposal  began,  and  postdisposal  catches  did  not 
return  to  the  baseline  level.  It  was  thought,  however,  that  the  vari- 
ation might  be  a seasonal  rather  than  a spoiling  effect.  2)  Winter 
flounder  was  the  species  collected  in  greatest  numbers  throughout  the 
study.  3)  Gut  content  analysis  showed  windowjjane  flounder  and  tautog 
to  be  very  selective  in  their  food  habits.  The  other  abundant  species 

were  opportunistic  feeders  and  had  a varied  diet^mostly  benthic  invertebrates. 

H.  SCUBA  Survey  and  Underwater  Photography  of  Disposal  Site:  1)  Troughs 

and  mounds  of  newly  dumped  material  provided  relief  to  the  normally  flat 
bottom  topography  and  wore  initially  attractive  to  demersal  fish  and 
Crustacea.  2)  A forty-foot  mound  of  previously-disposed  spoils  contained 
high  concentrations  of  lobsters,  crabs  and  winter  flounder.  3)  No  obvious 
turbidity  was  noted  at  the  spoil-water  interface  during  1.5  knot  currents. 
Small  (0. 5-1.0  cm  diameter)  clay  balls  were  observed  rolling  over  the 
spoil  pile;  this  may  constitute  a form  of  sediment  transport.  4)  Dives 

in  May-June  1976  revealed  that  scouring  of  sediment  and  disintegration  of 
clay  mounds  had  occurred.  The  general  topography  of  the  mound  had 
flattened  considerably.  There  was  evidence  of  sorting,  leaving  a cap  of 
shell  fragments  and  2-3  m dicimeter  patches  of  coarse  gravel  material. 

Spoils  may  have  spread  to  0.5  n mi  SE  of  the  disposal  buoy. 
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A.  AN  INVESTIGATION  OF  THE  IMPACT  OF  DREDGING  OPERATIONS  ON 
SUSPENDED  MATERIAL  TRANSPORT  IN  THE  LOWER  THAMES  RIVER  ESTUARY 

j W.F.  Boh len,  J.M.  Tramontane 

I The  University  of  Connecticut 

Marine  Sciences  Institute 

f Groton, Connecticut 

Introduction 

In  many  areas  of  the  northeastern  United  States  harbor  and 
channel  dredging  operations  represent  the  major  transport  mode 
affecting  the  movement  of  sediment  from  the  river  or  estuary 
to  the  adjacent  continental  shelf.  Very  often  the  bulk  of 
these  sediments  have  been  contaminated  by  the  variety  of  muni- 
cipal and  industrial  discharges  entering  the  coastal  waters  and 
contain  high  concentrations  of  both  organic  and  inorganic 
pollutants  (Boyd,  e^  a_l.  , 1972).  As  a result,  dredging  and  the 

attendant  disposal  operations  generally  tend  to  increase  the 
areal  distribution  of  these  materials  and  their  availability 
to  the  lower  members  of  the  food  chain. 

i 

In  recent  years  considerable  effort  has  been  directed  to  the 
determination  of  the  impact  of  dredging  induced  sediment  dispersion 
on  coastal  ecosystems.  For  the  most  part  these  studies  have 
been  primarily  concerned  with  impacts  associated  with  the 
disposal  operations.  Relatively  little  work  has  been  done  on 
the  influence  of  the  dredging  operation  itself  (see  the  review 
by  Morton,  1976,  for  example).  To  date  most  investigations 
have  simply  considered  the  esthetics  of  dredging  placing  particu- 
i lar  emphasis  on  the  reduction  or  control  of  turbidity.  Limited 
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information  is  available  describing  the  character  of  the  sediments 
suspended  during  dredging,  the  spatial  distributions  of  materials, 
concurrent  contaminant  release  and  the  resultant  short  and  long 
term  Impacts  on  the  adjacent  ecosystem. 

In  the  early  summer  of  197A  initiation  of  channel  dredging 
in  the  lower  Thames  River  near  New  London,  Connecticut  provided 
an  opportunity  to  examine  in  detail  several  of  the  most  prom- 
inent impacts  produced  by  a dredging  operation.  A series  of 
field  surveys  were  designed  to  examine  the  quantitative  influence 
of  dredging  on  suspended  material  transport,  trace  metal  dis- 
tributions and  biological  community  characteristics.  This  section 
presents  the  field  data  and  initial  analyses  describing  the 
Impact  of  dredging  on  the  suspended  material  field  within  the 
lower  estuary.  Both  direct  and  indirect  Influences  are 
to  be  considered;  the  former  by  analyses  of  the  material  field 
in  the  immediate  vicinity  of  the  operating  dredge  and  barge  , 
and  the  latter  through  quantitative  estimates  of  mass  transport 
variations  induced  by  the  increased  cross  section  of  the  estuary. 
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S t u d V A r e 

The  Thames  River  (Fig.  1)  represents  one  of  the  three  major 
streams  contributing  freshwater  to  Long  Island  Sound.  This 
narrow',  incised  estuary  extends  sixteen  miles  in  a northerly 
direction  from  its  mouth  in  the  eastern  Sound  to  the  confluence 
of  the  Yantic  and  Shetucket  Rivers  near  Norwich,  Connecticut 
and  drains  an  area  of  approximately  AOO  mi^  . (Thomas,  e_t  al . , 
1968).  During  the  past  five  years  annual  average  streamflow 
of  this  system  varied  between  2500  and  2700  cfs.  Comparisons 
of  these  levels  with  concurrent  streamflows  from  the  Housatonic 
and  Connecticut  Rivers  indicate  that  the  Thames  River  ranks 
third  in  relative  Importance. 

Regular  tidal  variations  can  be  observed  over  the  entire 
length  of  the  Thames  River.  Mean  tidal  range  varies  progressively 
from  2.6  Ft.  at  New  London  to  3.0  Ft.  at  Norwich  (NOAA,  1976). 

Near  surface  tidal  currents  are  variable  and  generally  average 
less  than  0.8  knot  (NOAA,  1971). 

The  tidal  and  streamflow  characteristics  of  the  Thames  River 
generally  permit  the  intrusion  of  saline  waters  to  extend 
upriver  to  Norwich  (Soderberg  and  Bruno,  1971).  The  resultant 
density  distributions  favor  a persistent  vertical  stratification 
that  significantly  affects  both  the  velocity  field  and  concurrent 
material  transport  within  the  river. 
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Fig.  1.  Lower  Thames  River 
Numbers  designate  stations  sampled  monthly. 
Letters  Indicate  locations  where  high  resolution 
dredge/barge  surveys  were  conducted. 
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Methods  and  Procedures 

a.  Sampling  Procedures 

To  determine  the  average  background  characteristics  of  the 
suspended  material  field  a network  of  thirteen  stations  was 
established  in  the  lower  river  (Fig.  1).  Stations  were  sampled 
monthly  during  the  period  July,  1974  through  May,  1976.  Survey 
periods  were  confined  to  the  ebb  tidal  cycle  with  sampling 
initiated  approximately  two  hours  after  slack  water.  At  each 
station, 4.0  liter  drawn  water  samples  were  obtained  at  three 
locations  on  the  vertical',  surface,  mid-depth  and  near  bottom, 
using  a standard  Van  Dorn  sampler.  Concurrent  profiles  of  the 
vertical  temperature  gradient  were  obtained  using  an  iji  ^^tja 
probe  (Hydrolab  Corporation).  During  the  first  year,  measurements 
of  optical  transmissivity  were  also  obtained  at  several  points 
in  the  water  column  using  a Martek  Model  XMJ  Transmissometer 
with  a 0.25m  pathlength.  These  measurements  were  discontinued 
after  analyses  indicated  limited  quantitative  value. 

To  examine  the  direct  impact  of  dredging  operations  on  the 
suspended  material  field,  a series  of  detailed  high  resolution 
surveys  were  conducted  in  the  immediate  vicinity  of  the  opera- 
ting dredge  and  attendant  spoils  scow.  Each  survey  first 
employed  transmissometer  measurements  to  determine  the  spatial 
distributions  of  the  plume  of  turbid  water  produced  by  the 
dredging  and  scow  loading  operation.  Quantitative  material 
distributions  within  the  plume  were  then  established  by  drawn 
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water  sampling  using  the  same  methods  employed  in  the  monttily 
surveys.  The  number  of  stations  sampled  varied  in  each  survey 
as  a function  of  plume  characteristics.  The  location  of  each 
station  was  referenced  to  the  dredge  and  barge  using  a hand- 
held bearing  compass  and  horizontal  sextant  angles. 

To  complement  the  measurements  of  suspended  material  concen- 
trations and  assist  in  the  determinations  of  mass  flux,  the 
magnitude  and  variability  of  the  velocity  field  in  the  lower 
river  over  a tidal  cycle  was  examined  on  two  occasions  : 

December  12,  197A  and  May  28,  1975.  During  the  December,  197A 

survey  velocity  measurements  were  obtained  at  a single  location 
near  the  mouth  of  the  river  in  the  vicinity  of  navigational 
buoy  R-6  (Station  A).  In  May,  1975  this  station  was  reoccupied 
concurrently  with  a second  station  located  approximately  O.lnm 
(0.2km)  south  of  the  Gold  Star  Bridge  (Station  B).  Each  set  of 
measurements  was  obtained  from  small  boats  moored  along  the 
center  line  of  the  main  navigational  channel.  At  each  location, 
current  speed  and  direction  measurements  were  obtained  at  several 
locations  on  the  vertical  using  a Bendix  Q-15  ducted  propeller 
current  meter  equipped  with  a deck  read-out.  Profiles  were 
surveyed  every  fifteen  minutes  for  thirteen  hours. 

During  May,  1975,  survey  channel  stations  were  supplemented 
by  secondary  survey  grids  designed  to  determine  the  degree  of 
lateral  variability  characteristic  of  the  velocity  field. 

Stations  were  established  to  the  north,  south,  east  and  west, 
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approximately  0.25nm  away  from  each  of  the  channel  stations- 
An  additional  small  boat  was  assigned  to  each  grid  to  sequentially 
sample  the  vertical  velocity  profile  at  each  station  throughout 
the  tidal  cycle.  These  supplementary  measurements  at  Station  A 
were  obtained  using  a Bendix  Q-9  Savonius  rotor  current  meter 
while  those  at  Station  B employed  a CM2  propeller  current  meter. 
Both  units  were  equipped  with  deck  read-out  modules. 

b.  Analytical  Methods 

Each  drawn  water  sample  was  stored  in  prewashed  glass  jars 
and  returned  to  the  laboratory  where  the  following  analyses 
were  conducted: 

1.  Sample  Salinity 

The  salinity  of  each  drawn  water  sample  was  determined 
using  an  induction  salinometer  (Beckman  Model  RS7-B) . Measured 
conductivity  was  converted  to  salinity  by  comparison  to  Copenhagen 
Standard  Sea  Water. 

2.  Suspended  Material  Concentrations 
Approximately  one  liter  of  each  sample  was  vacuum 

filtered  within  forty  eight  hours  of  acquisition  using  dried 
and  preweighed Nucleopore  filters  (A7mm  dla.-0.A5p  pore  size). 
Filters  were  mounted  in  standard  Mlllipore  vacuum  filtration 
setups.  Following  a thorough  wash  to  remove  salts,  each  filter 
was  dried  and  reweighed  to  determine  the  by-weight  concentration 
of  the  total  suspended  particulate  matter  present  in  the  sample. 
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3.  Grain  Size  Distributions 

The  particle  size  distributions  characteristic  of 
the  suspended  materials  present  in  selected  samples  were  deter- 
mined using  a Coulter  Counter  Model  TA.  A single  aperture 
tube  of  100pm  diameter  was  used  for  all  measurements. 

4.  Organic  Carbon  Content 

Samples  for  the  determination  of  particulate  and  dissolved 
organic  carbon  content  were  prepared  by  vacuum  filtering  fifty 
to  150  mis  (varying  as  a function  of  the  suspended  material 
concentrations)  of  each  sample  using  a Reeve  Angel  glass  fiber 
filter  (//934AH;  2.4  cm-0.45p).  Each  filter  had  been  precom- 
busted at  400°C  for  a period  of  two  hours  to  remove  volatile 
organics.  Following  the  completion  of  filtration,  filters  were 
placed  in  small  aluminum  pans  and  frozen.  Three  5 ml  aliquots 
of  the  filtrate  were  pipetted  into  10  ml  glass  ampoules  which 
had  been  pre-combusted  at  450°C  for  four  hours.  The  ampoules 
were  individually  covered  with  a small  piece  of  aluminum  foil 
and  frozen. 

Particulate  and  dissolved  organic  carbon  were  determined 
by  the  conversion  of  organic  matter  to  CO2  through  wet  com- 
bustion with  potassium  persulfate,  similar  to  the  method  developed 
by  Menzel  and  Vaccaro  (1964).  The  following  additions  were  made 
to  the  ampoules  containing  filtered  sample  water.  1)  0.2g 

potassium  persulfate  (K2S2O8)  and  6%  H^PO^  were  introduced  into 
the  ampoules.  2)  Oxygen  gas  which  had  been  purified  by  passing 
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through  a catalyst  tube  containing  iieated  (400°  C)  cupric  oxide 

was  bubbled  through  for  5 mins  to  remove  inorganic  carbon 

components.  Ampoules  were  sealed  with  a microburner.  After 

sealing, the  samples  were  oxidized  in  a standard  laboratory 

autoclave  set  at  130°C  for  a period  of  four  hours.  The  tops 

of  the  ampoules  were  then  broken  under  sealed  conditions  in 

a nitrogen  atmosphere  and  the  C02(g)  produced  by  the  persulfate 

oxidation  was  carried  by  a stream  of  nitrogen  gas  to  an  IR 

.analvzer  and  recorder.  The  peak  heights  produced  by  the 

were  corrected  for  reagent  blanks  and  compared  to  a standard 

curve  which  liad  been  determined  by  the  wet  oxidation  of  known 

amounts  of  dextrose  (C.H,-0,). 

o 1 ^ o 

To  determine  particulate  organic  carbon, the  frozen  filters 
were  rolled  up  and  placed  in  precombusted  ampoules  to  which 
5 mis  of  distilled  water  were  then  added.  From  this  point  the 
samples  were  treated  in  the  same  manner  as  the  filtrate. 

^e  ^u Its  and  Conclusions 

W a t e r T e mperat  ure 

Water  temperatures  in  the  lower  Thames  River  during 
the  1974-1976  study  period  displayed  a seasonal  cycle  (Figs.  2 6i  3) 
characteristic  of  northeastern  United  States  coastal  waters. 

Maxima  at  all  stations  occurred  during  July  or  August  with 
minima  observed  during  January,  February,  or  March.  Only 
slight  variations  were  observed  in  this  cycle.  Water  tempera- 
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turcs  during  the  winter  months  of  1974-75  vu-re  slightly  higher 
than  those  of  1975-76  favoring  the  persistence  of  near  isothermal 
conditions  for  more  than  two  months.  As  a result,  the  character 
of  the  spring  increase  observed  during  each  survey  year  varied 
significantly.  In  1974-75)inltial  warming  in  the  surface  waters 
was  observed  in  March  with  increases  at  mid-depth  and  near 
bottom  being  delayed  until  April.  In  1975-76  the  spring  increase 
occurred  uniformly  during  late  January  and  early  February. 

Kater  temperatures  within  the  study  area  generally  displayed 
minor  sp.atial  variability.  In  all  cases, cross-stream  (east- 
west)  thermal  differences  were  negligible.  Analysis  of  the 
long-stream  ( n o r t h - s o u t h ) variability  shows  a slight,  but 
measurable.  Increase  in  annual  temperature  range  as  a function 
of  distance  from  the  mouth  of  the  river.  In  the  vicinity  of 
Southwest  Ledge,  Station  2 (Fig.  1),  the  temperature  range 
over  each  survev  year  averaged  approximately  20°C.  Proceeding 
to  the  north,  the  annual  range  progressively  Increases,  finally 
exceeding  25°C  at  Station  12,  adjacent  to  the  Submarine  Rase. 

Temperature  distributions  over  the  vertical  display  a 
regular  seasonal  cycle  consistent  with  the  yearly  trends  in  air 
temperature.  During  spring  warming  and  through  the  summer 
months,  surface  temperatures  exceed  those  at  mid-depth  and 
near  bottom.  With  the  onset  of  cooling  in  September,  this 
gradient  reverses  and  surface  temperatures  fall  below  those 
observed  at  depth.  This  condition  persists  through  the  winter 


A-]  3 


months . 

The  fact  that  both  positive  and  negative  vertical  temperature 
grail  i«’nts  are  regularly  present  indicates  that  water  temper- 
atures represent  a relatively  minor  influence  on  the  density 
field  within  the  lower  river.  In  common  with  most  estuaries, 
density  appears  to  be  primarily  a function  of  salinity  while 
the  temperature  structure  and, in  p a r t i cu 1 ar , t h e presence  or  ab- 
sence of  a thermoc 1 ine , is  at  best  a useful  indicator  of  the 
intensity  of  vertical  mixing.  For  example,  during  most  of 
the  year  near  isothermal  conditions  are  indicative  of  free 
vertical  exchange  and  limited  density  stratification.  Con- 
versely, significant  thermal  gradients  most  often  indicate  a 
reduction  in  vertical  mixing  and  an  increase  in  the  degree  of 
stratification  in  the  salinity  field.  Application  of  these 
criteria  in  the  examination  of  the  Thames  River  thermal  structure 
(Figs.  2^3)  Indicates  a general  decrease  in  vertical  mixing  with 
distance  upstream  from  the  mouth.  The  stations  adjacent  to 
Long  Island  Sound  display  nearly  isothermal  vertical  profiles 
throughout  the  year  while  stations  near  the  northern  limit  of 
the  study  area  are  characterized  by  persistent  vertical  gradients. 
In  addition,  the  temperature  distributions  indicate  that  the 
degree  of  vertical  stratification  in  the  density  field  will 
increase  progressively  upstream.  Given  the  character  of  the 
density  field  noted  above,  increased  stratification  can  only 
be  the  result  of  developing  vertical  gradients  in  the  salinity 
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field,  a relationship  to  be  examined  in  more  detail  in  the 
next  section. 

Sal inity 

Salinity  distributions  at  all  stations  display  an 
Irregular  seasonal  variability  (Figs.  4&5).  With  few  exceptions, 
mid-depth  and  near  bottom  values  were  essentially  constant 
with  salinities  remaining  nearly  equal  to  those  observed  in 
adiacent  Long  Island  Sound.  Surface  salinities  were  measura- 
bly lower  than  those  observed  at  depth  and  displayed  an  erratic 
but  evident  seasonal  variability  roughly  correlated  with  stream- 
flow.  Maximum  salinities  were  observed  in  July  or  August  with 
minima  typically  found  in  late  winter  or  early  spring. 

The  marked  difference  between  surface  and  at-depth  salinity 
produces  a salinity  field  characterized  by  a persistent  vertical 
gracJient  and  a moderate  degree  of  spatial  and  temporal  var- 
iability. The  nearly  isohaline  character  of  the  deep  waters 
causes  the  intensity  of  the  vertical  gradients  to  vary  tempor- 
ally as  a function  of  surface  salinity  which, in  turn, is  ap- 
proximately dependent  on  streamflow.  Spatially,  gradients 
vary  as  a function  of  distance  from  the  mouth  of  the  river 
with  intensity  progressively  increasing  along  a northerly 
transect,  a feature  previously  inferred  from  the  water  temper- 
ature profiles.  East-west  variability  is  for  the  most  part 
negligible. 

Analysis  of  the  magnitude  of  the  vertical  salinity  gradients 
and  comparisons  with  concurrent  water  temperature  gradients 
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indicate  that  salinity  clearly  dominates  the  density  field 
within  the  lower  Thames  River.  Salinity  gradients  range  from 
a low  of  2°/oo  to  a maximum  of  26°/oo.  Concurrent  water  temp- 
erature gradients  seldom  exceed  5°C  and  more  typically  average 
2*^C.  Since  a l°/oo  change  in  salinity  produces  a variation  in 
density  equivalent  to  a 4°C  change  in  water  temperature  it  is 
apparent  that  salinity  dominates  and  produces  a density  field 
with  a high  degree  of  vertical  stratification.  This  density 
stratification  is  particularly  pronounced  in  the  near  surface 
waters.  Measurements  obtained  under  a variety  of  streamflow 
conditions  (Figs.  6&7)  show  maximum  temperature  and  salinity 
gradients  occuring  approximately  2 to  3m  below  the  surface. 

The  near  isohaline  conditions  above  and  below  the  transition 
zone  indicates  that  the  density  field  within  the  lower  Thames 
can  be  adequately  described  as  a two  layer  system  with  limited 
vertical  mixing.  Moreover  the  persistence  of  mixing  limita- 
tions despite  the  presence  of  moderately  energetic  meteorolog- 
ical events  suggests  that  this  area  may  be  effectively  sheltered 
from  storm  events.  F.ach  of  these  characteristics  are  of 
particular  importance  within  considerations  of  suspended  material 
transport  in  and  through  the  estuary. 

S u jn  d e d Mater  i a 1 Char  a c t o r 1 s_t  ^c^ 

a.  Concentrations 

Suspended  material  concentrations  observed  in  the  lower 
Thames  River  during  the  years  1974  through  1976  (Figs.  86.9) 
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Fig.  7.  Thanes  River:  Vertical  Temperature  and  Salinity  Structure  April  1975 
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Fig.  8 
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displayctl  no  evident  seasonal  variability.  Although  contrasting 
sharplv  with  previous  observations  in  other  est\iaries  (Postma,  1967 
Meade,  1968;  and  Schubel,  1969)  thisbehavlor  is  consistent  with 
recent  observations  obtained  in  eastern  Long  Island  Sound 
(Bohlen,  1975)  and  seems  thoroughly  representative  of  a sed- 
iment-poor system  in  which  transport  and  ultimately  the  concen- 
tration of  suspended  materials  is  dominated  by  a variety  of 
factors  Including  stream  flow,  tidal  state,  and  wind  stress. 

The  relative  importance  of  each  of  these  factors  varies  both 
spatially  and  temporally.  Since  these  cycles  vary  independ- 
ently and  seldom  display  simple  phase  relationships,  the 
resultant  suspended  material  field  is  often  characterized  by 
erratic  variability  and  an  absence  of  obvious  periodicity. 

Such  behavior  is  particularly  common  in  systems  characterized 
by  low  (<5mg/l)  suspended  material  concentrations. 

Examination  of  the  survey  data  reveals  a relatively  minor 
degree  of  spatial  variability  in  the  suspended  material  field. 
During  1974-75  (Fig.  8)  upstream  concentrations  tended  to  be 
slightly  higher  than  those  observed  near  the  mouth  of  the  river 
and  in  adjacent  Long  ,sland  Sound.  Maximum  concentrations  were 
highest  in  the  vicinity  of  Stations  5 and  7.  In  this  same 
period  concentrations  over  the  vertical  generally  increased 
progressively  with  depth.  Surface  conct^ntrations  were  regularly 
less  than  those  observed  at  mid-depth  or  near  bottom. 

The  spatial  characteristics  of  the  suspended  material  field 
during  1975-76  were  substantially  different  than  those  of 
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1974-75.  Av’erage  concentration  levels  were  essentially  constant 
throughout  the  study  area  and  displayed  no  tendency  to  increase 
in  the  upstream  direction.  Over  the  vertical,  concentration 
gradients  varied  irregularly  with  surface  and  near  bottom 
concentrations  alternately  dominant.  The  sense  of  the  gradients 
was  generally  correlated  with  streamflow.  During  periods  of 
low  discharge,  concentrations  at  depth  exceeded  those  observed 
at  the  surface.  Under  these  conditions  the  concentration  field 
appears  to  be  primarily  dependent  on  shear  stress  distributions 
at  the  s e d i me n t - wa t e r interface.  Increasing  discharge  modifies 
this  dependence  and  eventually  causes  a reversal  in  the  sense 
of  the  concentration  gradient.  Streamflow  begins  to  dominate 
and  surface  concentrations  typically  exceed  those  observed  at 
depth.  The  relatively  Infrequent  occurrence  of  gradients  dominated 
by  surface  values  indicates  that  streamflow  generally  represents 
a second  order  influence  on  the  suspended  material  field  within 
the  lower  Thames  River.  A comparison  of  volume  discharge  to 
concurrent  intertidal  volume  further  supports  this  construct. 
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('rganlc  Composition 

To  examine  the  relative  concentrations  of  organic 
material  in  suspension  within  the  study  area  (Fig.  1)  the 
particulate  organic  carhon  content  of  each  drawn  water  sample 
was  determined.  These  data  are  of  particular  importance  in 
the  analysis  of  the  biological  impact  of  the  dredging  operations 
and  were  also  intended  to  supplement  concurrent  work  on  filter 
feeding  organisms  (See  section  B).  As  indicated  above, 

the  analyses  employed  wet  oxidation  techniques.  These  methods 
have  in  the  past  been  criticized  for  failing  to  provide  accurate 
determinations  of  total  organic  carbon.  Work  by  Sharp  (1973),  Stani 
kova  (1970),  Skoplntsev,  et  aj_ .,  (19(S6)  and  Skopintsev  (1968), 

analyzing  low  oceanic  concentrations  (-'2mg/l)  by  direct  com- 
bustion methods  have  produced  carbon  concentrations  differing 
from  those  obtained  using  wet  oxidation  techniques  (e.g.  Menzel 
and  Vaccaro,  1964)  by  more  than  a factor  of  two.  The  cause  of 
these  differences  appears  to  be  the  structure  of  the  organic 
carbon  compounds  associated  with  each  sample.  Karlier 
investigations  of  the  efficiency  of  the  wot  oxidation  techniques 
indicated  that  although  the  procedure  provided  very  nearly 
100%  recovery  of  compounds  such  as  sugars,  amino  acids  and 
fatty  acids,  its  efficiency  decreased  significantly  if  high 
concentrations  of  refractory  long  chain  or  polycyclic  liydro- 
carbons  were  present  (Menzel  and  Vaccaro,  1964;  Fredericks  and 
Hood,  1965;  Strickland  and  I’ a s s on  s , 1 9 6 8 ; Williams,  1969  ). 


These  results  suggest  that  the  observed  differences  between  the 
wet  oxidation  and  direct  combustion  techniques  are  caused  by 
significant  concentrations  of  refractory  compounds  rather  than 
the  general  inefficiency  of  the  wet  oxidation  procedures.  These 
refractory  compounds  are  relatively  stable  and  generally  considered 
resistant  to  biological  breakdown.  As  such  they  represent  a 
minor  source  of  nutrients  and  for  the  purposes  of  biological 
assessments  can  generally  be  neglected.  Under  these  conditions 
particulate  carbon  concentrations  are  accurately  assayed  using 
wet  oxidation  techniques. 

Particulate  organic  carbon  concentrations  observed  in  the 
lower  Thames  River  during  197A  through  1976  are  shown  in  Figures 
10  and  11.  The  distributions  display  a weak  seasonal  variability 
with  maxima  observed  in  October  and  March.  The  increased 
concentrations  during  these  periods  must  be  considered  to  be 
the  result  of  autumnal  and  late  winter  plankton  blooms  respect- 
ively, although  each  peak  is  significantly  delaved  with  respect 
to  tiie  normal  bloom  period  (Riley,  1 9 59).  Minima  typically 
occur  during  December- January . The  marked  increase  observed 
during  February,  1976  was  the  result  of  a major  storm  event 
and  will  be  discussed  in  more  detail  below. 

The  spatial  variability  of  the  carbon  distributions  is 
extremely  limited.  Horlzontallyj concentrations  are  nearly 
constant  and  no  measurable  station-to-station  trend  can  be 
discerned.  Over  the  vertical,  concentrations  tend  to  decrease 
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wltli  depth  and  surface  values  often  exceed  those  near  bottom 
by  a factor  of  two.  Vertical  gradients  display  no  reasonable 
correlation  with  stream flow  and  rather  appear  to  be  more  sensitive 
to  biological  factors  including  nutrient  flux  and  ambient 
light  than  hydrographic  conditions. 

Particulate  organic  carbon  typically  constitutes  20  to 
30%  of  the  total  suspended  load  in  the  lower  river  (Figs.  10-11). 
These  levels,  implying  that  up  to  40  to  60%  of  the  suspended 
materials  are  organic  in  origin, are  consistent  with  previous 
observ’ations  in  Long  Island  Sound  (Meade,  1972;  Bohlen,  1975). 

The  percentage  of  organic  materials  in  suspension  displays 
a seasonal  variability  similar  to  that  observed  in  the  particulate 
carbon  distributions.  This  simple  variability  is  the  result 
of  the  generally  low  concentration  levels  and  limited  seasonal 
variability  characteristic  of  the  suspended  material  field. 

These  background  characteristics  simplify  resolution  of  dredging 
or  storm  induced  alterations  in  the  composition  of  the  suspended 
load.  In  both  cases  particulate  organic  carbon  concentrations 
will  Increase  significantly,  olten  by  a factor  of  three  or  more. 
Total  suspended  material  concentrations  , however,  typically 
increase  by  a factor  of  ten.  As  a result  the  relative  percentage 
of  organics  decreases  significantly  during  these  anomalous 
events.  The  storm  observed  in  February,  1976  Illustrates  this 
variability  (Fig.  11).  The  significance  of  these  phenomena 
will  be  discussed  in  more  detail  below.  For  the  present, it  is 
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simply  useful  to  note  that  the  behavioral  characteristics  of 
the  suspended  material  field  in  the  Thames  River  permits  ready 
discrimination  between  average  and  aperiodic  transport  events. 

Tjr  a nspo  r t C h a r acterist  i c s 

The  density  field  characteristic  of  the  lower  Thames  River 
favors  a persistent  two  layer  flow  regime  in  which  southerly 
or  downstream  average  mass  transport  prevails  in  the  upper, 
near  surface  layer  while  northerly  or  upstream  transport  persists 
at  depth.  Observations  indicate  that  the  thickness  of  the 
surface  layer  varies  between  2 to  3 meters  in  the  area  south  of 
Stations  9 and  10  (Fig.  1).  North  of  this  section  to  the 
Submarine  Base,  layer  thickness  increases  slightly  and  becomes 
more  variable  and  sensitive  to  streamflow  and  tidal  state. 

Within  this  surface  layer  measured  velocities  display  a regular 
variability  dominated  by  the  semi-diurnal  tides  and  freshwater 
discharge.  During  the  surveys  conducted  as  part  of  this  study, 
this  combination  produced  maximum  velocities  of  approximately 
50  cm/sec.  Below  the  surface  layer  a relatively  low  energy 
circulation  system  prevails  with  velocities  seldom  exceeding 
25  to  30  cni/sec.  These  velocities  display  a regular,  tidally 
dominated,  variability  and  appear  to  be  relatively  insensitive 
to  streamflow. 

The  persistence  of  pronounced  stratification  within  the 


lower  Thames  is  a relatively  unique  feature  in  an  estuary 


c fi  a r a c t •' r i z ed  by  s t r <•  am  f 1 ow  valui-s  ( K 1 j; . 12)  small  la  comparison 

to  tbe  intertidal  volume.  Typically,  such  systems  display 
p,  radual  variations  in  density  over  the  vertical  with  the  degree 
of  s t a t 1 f i c a t i on  varying  seasonally  as  a function  of  streamflow. 
The  characteristics  observed  in  the  Thames  indicate  that  the 
study  area  is  subject  to  a relatively  low  degre.e  of  vertical 
mixing.  As  a result  the  freshwater  outflows  are  effectively 
ejected  as  a well  defined,  coherent  layer  over  the  higher  density 
coastal  waters.  These  conditions  are  apparently  the  result  of 
the  orientation  and  morphology  of  the  river  basin.  The  narrow 
channel,  high  banks  and  north-south  alignment  of  the  river 
effectively  reduce  and  in  many  rases  eliminate  the  influence 
of  wind  induced  mixing.  Review  of  the  wind  field  characteristic 
of  the  study  area  (Figs.  13  and  14)  indicates  that  maximum 
energies  are  typically  confined  to  the  east-west  components 
and  suggests  that  of  the  above  factors,  channel  orientation  may 
represent  the  principal  determinant  limiting  wind  effects. 

The  absence  of  significant  wind  induced  turbulence  com- 
bined with  the  regional  geological  characteristics  results 
in  a relatively  simple  sediment  transport  system  in  the  lower 
Thames.  In  shallow  estuaries  limited  turbulent  mixing  affects 
not  only  the  density  field  but  also  the  character  and  magnitude 
of  boundary  shear  stress  acting  on  the  sediment-water  interface. 

In  the  absence  of  this  factor  interfacial  shear  and  ultimately  the 
competence  of  the  flow  field  to  erode  and/or  transport  sediments 

I 

is  often  measurably  reduced.  Concurrently,  transport  variability 
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is  reduced  and  material  flux  becomes  more  nearly  a simple  function 
of  the  tidally  dominated  velocity  field.  In  such  a system  the 
qualitative  characteristics  and  selected  quantitative  features 
of  the  sediment  transport  system  can  be  deduced  by  considering 
the  magnitude  of  the  peak  velocity,  details  of  the  residual 
flow  and  the  me  c li  an  i c a 1 / ge  o 1 o g i c a 1 properties  of  the  sediment 
bed. 

Evaluation  of  the  above  features  within  the  Thames  River 
provides  clear  indications  that  this  system  is  best  characterized 
as  a low  energy  regime  in  which  recent  hydraulic  and  geological 
factors  favor  net  accumulation  of  sediments.  Near  bottom 
velocities  are  consistently  low  and  seldom  exceed  values  nec- 
esGiry  to  erode  the  fine  grained  cohesive  sediments  found  through- 
out the  lower  river.  As  previously  mentioned  upstream  drift 
prevails  at  depth.  Analyses  of  the  current  meter  records  indicates 
average  flows  of  approximately  10  cm/sec.  With  negligible 
local  re  suspension,  this  drift,  acting  in  combination  with  the 
factors  controlling  sediment  transport  in  adjacent  Fishers 
Island  Sound, represents  the  principal  determinant  governing  the 
volume  of  materials  suspended  and  the  fraction  deposited  in  the 
estuary.  Although  this  latter  feature  is  difficult  to  evaluate 
without  more  detailed  sedimentary  analyses,  preliminary  estimates 
based  on  short  term  flow  observations  and  assigned  suspended 
mate*  rial  concentrations  indicate  that  deposition  rates  in  the 
lower  Thames  are  low  in  comparison  to  those  observed  in  other 
areas  within  and  adjace*nt  to  Long  Island  Sound.  Calculations 
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based  on  the  velocity  observations  of  May,  1975  and  estimated 
average  suspended  material  concentrations  in  the  near  bottom 
and  surface  layers  yield  an  approximate  deposition  rate  of 
0.45  mm/ year  over  tlie  entire  surface  of  tlie  estuary.  This  rate 
is  similar  to  that  recently  estimated  for  tiie  central  hong 
Island  Sound  system  (0.33  mm /year;  Bokuniewicz,  et  al.,  1975) 
but  differs  by  an  order  of  magnitude  from  the  most  commonly 
referenced  rate  (4.5  mm/year;  Thomson  et  al.,  1975)  again 
derived  for  the  central  Sound.  Cjiven  the  cliaracter  of  the 
deposition  process  and  tlie  many  assumptions  implicit  in  the 
calculations,  immediate  determination  of  the  cause  and  signifi- 
cance of  tliese  differences  cannot  be  provided.  Tlie  low  rates 
seem  consistent  with  the  sediment- poor  character  of  the  river 
basin  and  the  dominance  of  offshore  source  areas.  In  addition, 
it  sliould  be  realized  that  the  com.puted  values  represent  an 
average  rate  over  the  entire  surface  area  of  the  estuary.  Rates 
can  be  expected  to  display  significant  spatial  variability, 
particularly  in  artificially  deepened  areas.  Kvaluatlons  of 
historical  data  obtained  at  several  sites  similar  in  character 
to  the  Thames  River  indicate  that  deposition  rates  in  dredged 
areas  may  typically  approach  10  cm/year.  Rates  again  , however, 
are  highly  variable  and  depend  primarily  on  the  extent  and 
character  of  the  dredging  project. 
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a . Near  field 

The  most  apparent  (Immediate)  Impact  of  the  dredginj; 
operation  on  the  suspended  material  field  witliin  the  lower 
lhames  was  the  direct  introduction  into  tiie  water  column  of 
high  concentrations  of  fine  grained  materials  due  to  leakage 

from  the  dredge  bucket  and  overflow  from  the  attendant  iiarge  (see  Figure  1 
of  introduction  ).  Tlie  results  of  the  surveys,  intended  to 
determine  the  quantitative  character  and  spatial  extent  of  the 
perturbations  produced  by  the  operation, are  shown  in  Figures 
15,  16  and  17.  The  locations  of  each  survey  are  noted  on 

Figure  1.  These  observations  indicate  that  in  the  worst  case,, 
the  operating  dredge  and  barge  produced  near  field  concentrations 
of  total  suspended  solids  in  excess  of  100  mg/X  (Fig.  15). 

Given  the  character  of  the  suspended  material  field  in  the  lower 
river  (Figs.  8 & 9),  this  represents  a significant  increase  and 
exceeds  average  background  concentrations  by  more  than  a factor 
of  thirty.  Calculations  indicate  that  the  mass  of  material 
contained  in  the  turbid  plume  represents  an  increase  in  total 
suspended  sediments  in  the  estuary  of  approximately  10  to  20%. 

Despite  this  significant  load,the  surveys  indicate  that  the 
influence  of  the  operations  is  essentially  limited  to  the 
immediate  vicinity  of  the  dredge  and  barge.  In  all  cases 
concentrations  reached  maximum  values  within  100  yards  of  the 
barge.  Proceeding  downstream, values  then  rapidly  decayed  with 
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conctMitr.'itions  returning  to  background  within  300  to  500  yards 
of  ttie  dredge  and  barge.  initial  reviews  suggest  that  this 
pattern  is  primarily  governed  by  tiie  local  flow  field  and  is 
essentially  insensitive  to  the  characteristics  of  the  sediment 
being  dredged.  The  latter  factor  Influences  primarily  material 
concentrations.  Its  effects  on  spatial  distributions  are  ob- 
scured by  the  limited  variability  in  sediment  characteristics 
in  the  lower  river. 

In  addition  to  the  marked  increase  in  local  concentrations, 
the  composition  of  the  suspended  load  was  measurably  perturbed 
in  the  vicinity  of  the  dredge  and  barge.  Particulate  organic 
carbon  concentrations  typically  increased  by  a factor  of  two 
while  the  relative  percentage  of  P.O.C.  with  respect  to  the 
total  concentration  of  suspended  solids  decreased  sharply 
(Fig.  10).  Again, these  variations  are  confined  within  the 
plume  of  turbid  water  and  were  not  observed  at  stations  whicii  were 
distant  relative  to  the  dredge  and  barge. 

b.  Large  scale  effects 

A major  dredging  project  can  be  expected  to  modify 
the  large  scale  characteristics  of  the  suspended  material 
field  in  an  estuary  by  causing  alterations  in  the  composition 
of  the  sediment-water  interface  and  througli  variations  in  the 
hydraulic  regime  and  resultant  transport  induced  by  the  in- 
creased cross-sectional  area  of  tlie  total  river  channel.  The 
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first  phase  dredging  in  the  lower  Thames  directly  modified  a 
portion  of  river  bottom  approximately  500  ft.  wide  and  3.9 
miles  long.  Over  most  of  this  reach, project  widtli  represents 
less  than  0.2  of  the  total  river  width.  This  fact, when  considered 
in  combination  with  the  relatively  cohesive  character  of  the 
sediments  and  the  low  energy  velocity  field  in  the  a rea , s ngges t s 
that  substrate  induced  alterations  in  material  transport  are 
most  probably  negligible.  As  previously  discussed,  channel 
deepening,  rather  than  providing  fresh,  credible  bottom, 
generally  exposes  an  area  over  which  Increased  deposition  rates 
will  prevail.  As  a result,  the  sediment- water  interface  within 
the  project  area  represents  a minor  determinant  of  the  composi- 
tion or  concentration  of  the  suspended  material  field. 

Such  a condition  appears  to  prevail  within  the  lower 
Thames.  Direct  evaluations  of  both  suspended  material  composition 
and  concentrations  (Figs.  8-11)  fall  to  provide  any  evidence 
of  substantive  alterations  in  the  material  field  following 
completion  of  the  dredging  project.  The  characteristics  ob- 
served during  1975-76  are  essentially  Identical  to  those 
observed  in  1974-75,  and  continue  to  display  variability 
governed  primarily  by  the  conditions  prevailing  in  adjacent 
Fishers  Island  Sound.  Under  these  embayment  c on d i t i on s , 1 o c a 1 
substrate  variations  witliin  the  lower  Ttiames  reasonably  represent 
a negligible  Influence  on  the  suspended  material  field. 

A significant  increase  in  depth  and  cross-sectional  area 
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of  an  estuary  can  serve  to  measurably  alter  material  transport 
by  increasing  the  longitudinal  extent  of  the  intrusion  of  high 
salinity  bottom  water  and  by  modifications  in  vertical  mixing 
produced  by  variations  in  turbulent  sliear.  In  the  absence  of 
major  alterations  in  streamflow  or  tidal  characteristics,  the 
magnitude  of  the  transport  variability  can  be  qualitatively 
evaluated  by  considering  tlie  extent  to  which  dredging  has 
modified  the  average  cross-sectional  configuration  of  the 
estuary.  Such  evaluations  applied  to  the  lower  Thames  suggest 
that  the  phase  one  dredging  project  will  result  in  negligible 
alterations  in  the  volume  or  characteristics  of  suspended 
material  transport. 

As  discussed  above  the  phase  one  project  deepened  a rela- 
tively sr"*!!  portion  of  the  total  river  width.  Over  this  area, 
project  specifications  called  for  approximately  a five  foot 
increase  in  depth.  At  most  sections  this  value  represents  a 
local  Increase  in  depth  of  nearly  15%  but  yields  less  than  a 
5%  increase  in  tlie  total  cross-sectional  area  of  the  estuary. 
Review  of  previous  efforts  to  predict  dredging  effects  and  tiie 
concurrent  limits  of  saltwater  intrusion  (Harleman  and  Ip pen, 
1969)  suggests  tiiat  such  minor  variations  will  not  produce  a 
measurable  alteration  in  salinity  structure  and  associated 
transport.  Examination  of  tlie  salinity  data  obtained  during 
1974-1976  (Figs.  4 & 5)  supports  these  conclusions  and  falls 
to  provide  any  evidence  of  significant  variations  in  vertical 
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structure  or  Ion  It  u din  a 1 distribution  that  can  be  simply 
related  to  dredging.  The  dredging  induced  alterations,  if  any, 
are  sliglit  and  well  below  tl>e  resolution  of  the  observational 
and  analytical  tecliniques  employed  in  tlie  survey.  One  can 
only  conclude  tiiat  large  scale  variations  in  material  transport 
are  of  similar  magnitude. 

Discussion 

Initial  reviews  of  the  survey  data  obtained  during  the 
period  1974  to  1976  indicate  that  the  phase  one  or  first  in- 
crement dredging  of  the  lower  Tiiames  River  produced  only  small 
scale  variations  in  the  suspended  material  field.  Measurable 
impacts  were  confined  to  the  Immediate  vicinity  of  the  operating 
dredge  and  barge  and  appeared  to  be  the  combined  result  of 
leakage  from  the  dredging  bucket  and  fluid  overflow  from  the 
barge.  In  all  cases  the  mass  of  materials  Introduced  by  the 
operation  was  estimated  to  be  less  than  20%  of  the  total  mass 
of  sediments  suspended  in  the  estuary.  This  potential  con- 
tribution, however,  was  effectively  eliminated  by  tlie  evidently 
high  settling  rates  characteristic  of  the  project  related 
materials  which  favored  simple  near  field  perturbations. 

Witen  compared  to  suspended  material  variations  associated 
witii  naturally  occurring  aperiodic  storm  events,  the  above  dredging 
related  impacts  appear  negligible.  During  tlie  storm  of  1-2 
February,  1976,  for  example,  concentration  levels  tlirougliout 
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the  lower  river  increased  by  more  than  a factor  of  five  (Fig.  9). 

The  resultant  Increase  in  mass  of  sediments  suspended  in  the 
estuary  was  accompanied  hy  a significant  alteration  in  composi- 
tion. Inorganic  materials  dominated  the  suspended  load  despite 
a factor  of  ttiree  increase  in  the  amount  of  particulate  organic 
carbon  in  suspension  (Fig.  11). 

In  addition  to  the  variations  in  concentration  and  composi- 
tion, major  storm  events  serve  to  perturb  the  mass  transport 
characteristics  within  the  lower  river.  In  this  area, the  sheltered, 
low  energy  conditions  limit  local  resuspension  of  sediments, 

A major  increase, therefore,  is  most  probably  the  result  of 
increased  material  suspension  within  adjacent  Fishers  Island 
Sound  and  subsequent  shoreward  transport  into  the  Thames  River. 

The  progressive  decrease  in  material  concentrations  with  increasing 
distance  from  the  Sound  shown  in  Figure  9 is  clearly  representative 
of  such  a system.  As  a result  of  this  phenomenon,  significant 
volumes  of  new  material  are  introduced  into  the  estuary  and 
regional  <ie  position  rates  are  increased.  Given  the  magnltucie 
of  deposition  Inferred  using  average  material  concentrations, 
it  is  not  unreasonable  to  conclude  that  a major  fraction  of  the 
annual  accumulation  of  sediments  may  be  deposited  following 
storm  events. 

Reviews  of  local  meteorological  data  obtained  over  a ten 
year  period  Indicate  tliat  storms  similar  in  intensity  to  ttie 
February,  1976  event  may  occur  as  often  as  three  times  each  year. 
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Tliis  rate  is  significantly  higlier  than  tlie  normal  frequency  of 
required  cliannel  dredging.  The  Thames  River  was  last  dredged 
in  1 965  and,  typical  of  most  northeastern  U.S.  estuaries,  sliould 
require  maintenance  at  a rate  of  approximately  once  every  five 
to  ten  years.  Although  this  rate  is  greater  tlian  the  frequency 
of  occurrence  of  major  tropical  storms  (hurricanes),  it  is 
well  below  that  of  the  more  common  coastal  storm.  When  considered 
in  combination  with  ttie  relative  magnitude  of  the  response 
produced  i>y  dredging  vis-a-vis  storms,  this  fact  suggests  that 
the  variability  of  tlie  suspended  material  field  in  the  lower 
Thames  is  primarily  governed  by  aperiodic  storm  events.  In 
comparison,  dredging-related  perturbations, at  least  on  the 


short  term, 


are  negligible. 
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S u in  in  a 

The  suspended  material  field  in  the  Tiiames  River  Rstiiary 
is  characteristic  of  a sediment  poor  system  and  displays  low 
a V rape  concentration  levels  ( 5 mg/£)  and  erratic  variability 
with  no  obvious  spatial  or  temporal  trends.  In  this  system, 
the  Phase  1 dredging  operation: 

1.  Produced  perturbations  in  suspended  material  concentrations 
and  composition  that  were  confined  to  an  area  within  300  to  500 
Yards  of  tlie  operating  dredge  and  barge. 

2.  Produced  an  increase  in  total  suspended  load  within  the 
estuary  that  was  sm.  all  in  comparison  to  that  produced  by  typical 
aperiodic  storm  events. 

3.  (Caused  no  m.  aior  a Iter. at  ions  in  mass  tr.ansport  within 
the  estuary. 
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B.  niAMtS  RIVLR  IIYUROGRARHY , PHYTOPLANKTON,  AND  IRACL  MLTAL  CONCLNTRAT iONS 

IN  WATF.R,  SLDIMENT  AND  SHELLFISH 
S.  Y.  Fenq 

Marine  Sciences  Institute 
University  of  Connecticut 

INiRODUCriON 

This  section  summarizes  trace  metal  analyses  of  three 
species  of  shellfish;  Crassostrea  virginica,  Mercenaria  mercenaria 
and  Pitar  morrhuana;  surficial  sediment;  and  water  samples  collected 
from  Thames  River,  Connecticut  during  the  first  phase  of  the  U.S.  Navy's 
dredging  project  (July  1974-Juno  1976).  Additional  data  on  temp- 
erature, salinity,  oxygen,  chlorophyll  a and  c,  gross  pathological 
examination  of  the  shellfish,  as  well  as  observations  on  mercury 
and  chlorophyll  a concentrations  in  the  immediate  vicinity  of  the 
dredge-barge  are  also  presented.  The  study  was  originally  designed 
to  obtain  predredging  base  line  data  in  sufficient  detail  to  permit 
discovery  or  evaluation  of  effects  of  dredging,  if  any,  on  the 
environment.  Predredging  data  were  obtained  only  for  the  month  of 
July  1974,  which  rendered  interpretat ions  of  certain  data  sets 
di f f icul t . 

HYDROGRAPHY 

The  temperature  and  salinity  regime  of  Thames  River  typify  a 
partially  mixed  estuary  (Pritchard,  1955)  which  is  characterized  by 
more  saline  water  at  the  bottom  and  less  saline  water  at  the  surface. 

Sampling  was  sciieduled  at  1-,  2-  or  3-month  intervals  which 
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were  dictated  Kir'iely  by  weather  conditions,  particular ly  duriny  the 
winter.  Liyht  cruises  were  made  to  the  River.  Duriny  each  cru.se, 
temperature,  salinity  and  oxygen  measurements  were  taken  routinely 
at  the  surface,  mid-depth  and  one  foot  off  bottom  usiny  a Hydrolab 
Temperature-Sal i ni ty-Oxyyen  probe  at  stations  located  on  the  six 
lateral  transects  (Fig.  1).  In  addition  64  water  samples  were  also 
obtained,  which  were  kept  in  coolers.  Upon  returning  to  the  lab- 
oratory, these  samples  were  processed  immediately  for  chlorophyll 
a,  b and  c determi nations  according  to  the  method  of  Strickland 
and  Parsons  (1968) . 

Temperaturj^.  Average  water  temperature  from  July  1974  to 
May  1976  varied  from  2°  to  240  C in  the  River  (Table  1).  The  highest 
temperature  was  recorded  in  July  while  the  lowest  was  observed  in 
February.  Furthermore,  temperature  stratification  in  the  water 
column  was  most  prominent  during  the  month  of  July.  In  the  colder 
months  of  the  year,  surface  and  bottom  temperature  approached  uniform 
distribution  with  the  bottom  temperatures  being  slightly  lower  than 
those  of  the  surface. 

Salinity.  Annual  variations  of  salinity  in  the  river  are 
given  in  Table  1.  Seasonal  fluctuations  were  greater  in  surface 
waters  than  bottom  waters.  In  July  and  October  the  maximum  salinity 
of  the  surface  water  was  17  and  20  ppt  respectively,  while  that  of 
the  bottom  water  was  25  and  30  ppt.  Minimum  salinities  of  6 to 
12  ppt  were  observed  in  February,  April  and  May.  These  variations 
are  probably  associated  with  either  spring  runoff  or  heavy  precipita- 
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Chlor- 
ophyl 1 

Oxyyen.  Oxygen  concentrations  of  the  surface  and  bottom  water 
exhibited  least  variation  in  October,  November,  February,  April  and 
May.  In  July,  oxygen  content  of  bottom  water  was  significantly 
lower  than  that  of  surface  water;  the  stratification  was  greatest 
in  Transect  VI  where  oxygen  content  of  less  than  1 ppm  was  not  uncommon 
in  bottom  water. 

PHYTOPLANKTON 

Chlorophyll  a ^nd  _c.  The  seasonal  variations  of  chlorophyll  a 
and  c are  presented  in  Table  1.  There  was  no  consistent  difference 
between  the  chlorophyll  measurements  of  the  surface  and  bottom  water 
for  October,  November,  February,  April  and  May;  in  general , chi oro- 
phyll  a and  c varies  within  narrow  limits  (1  to  5 mg/M^).  Chlorophyll 
a (18-37  mg/M^)  and  c (10-15  mg/M^)  were  most  abundant  in  July  in  sur- 
face water  samples.  Figure  2 shows  that  chlorophyll  in  the  surface 
water  sample  decreased  dramatically  toward  lower  transects  (I,  II  and 
III).  It  was  noted  that  the  concentrat ion  of  chlorophyll  a of  July 
1974  (predredging)  was  twice  that  of  July  1975  (post  dredging). 

Determination  of  the  effect  of  sedjment  elutriate  on  pimtosyn thesis. 
In  an  attempt  to  determine  whether  elutriate  from  resuspension  of 
dredge  spoil  could  affect  phytoplankton  production,  a sediment  elutriate 
was  made  by  pooling  10  gm  of  sediment  from  each  of  the  three  grab 
samples  collected  from  transects  I-V  which  are  located  from  the 
mouth  of  the  river  to  the  U.S.  Navy  Submarine  Base  (Fig.  1).  The 
sediments  (150  gm)  were  mixed  with  two  liters  of  sea  water  collected 
from  the  end  of  the  Marine  Research  Laboratory  pier.  The  sediment 
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,ii.-  (,1V  ; .lion  of  chloii'l'i'  1 ^ ^ liiiiHK.'S  Kivt;  ..^itcr 

on  ftii:,  j ,Mid  July  1975  (iur,nq  high  wuLor.  "s"  df-rtofos  sur- 
itiCf  v;alC‘i-  und  "b"  indicatc'j  boLtoin  wafer. 
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Chlorophyll  a High  Water 
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su\pensioti  was  shaken  for  48  firs,  on  a mechanical  '.ii.iker  iin'i  allowed 
to  settle  for  six  days.  The  elutriate  was  decanted,  prefiltered  and 
finally  Millipore  filtered  (0.45,,m). 

Inhibition  of  photosynthesis  was  determined  by  introducing 
aliquots  of  the  elutriate  into  five  light  and  five  dark  bottles. 
Zooplankters  were  screened  from  the  sea  water.  In  the  first  series, 
one  ml  of  elutriate  was  pipetted  into  each  BOD  bottle.  Ten  ml  of 
elutriate  were  placed  into  each  bottle  in  the  second  series.  The 
two  series  were  incubated  ca.  30  cm  below  the  surface  off  the  Marine 
Research  Laboratory  dock  with  their  appropriate  controls  which 
consisted  of  two  pairs  of  light  and  dark  bottles  without  elutriate, 
five  such  runs  vjere  carried  out  in  July  and  August  1974  to  allow  for 
different  light  conditions.  The  light  intensity  was  deteniiined  at 
three  different  times  during  each  run  with  a photometer  at  the  surface 
and  the  percentage  difference  at  30  cm  with  that  of  the  surface 
was  determined  with  a submersible  photoirieter. 

After  in  sit_u  incubation  of  the  light  and  dark  bottles, 
dissolved  oxygen  was  determined  by  the  Winkler  method.  Gross 
photosynttiesis  expressed  as  mg  of  carbon  fixed  per  cubic  meter 
per  hour  was  determined  by  the  method  outlined  in  Strickland  and 
Parsons  (1968).  The  results  from  the  five  separate  runs  were 
analyzed  statistically  for  differences  by  the  use  of  a completely 
randomized  block  design.  The  results  of  the  five  runs  are  summarized 
in  Table  2.  The  assumption  that  all  samples  within  each  run  were 
homogeneous  is  valid,  since  during  each  run  all  sample  bottles  contained 
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TARLt  2 . Gross  photosynthesis  expressed  ds  nig  carbon  fixed  per  cubic  meter  per  hr  in 
the  control  and  experimental  (sediment  elutriate  added)  BOD  bottles  contain- 
ing natural  populations  of  phytoplankton. 


Date 

Light  Intensity 
at  30  cm  (lux) 

Light  of 
Surface 

Incubation 
Time  (hr) 

ml  elutriate 
added 

C mg/M^/hr 

7/26 

27,500 

55 

4 

0 

1 

149.99 

138.65 

10 

187.80 

7/30 

24,035 

52 

5 

0 

1 

113.94 

110.92 

10 

109.91 

8/5 

20,625 

58 

5 

0 

1 

31.26 

41.34 

10 

25.21 

8/12 

44,352 

84 

6 

0 

1 

42.85 

26.89 

10 

25.21 

8/16 

35,200 

80 

6.5 

0 

1 

32.58 

26.37 

10 

44.21 

AOOVA 

Sources  of  Error 

d.f. 

Sum  of  Squares 

Mean  Squares 

Treatn.ents 

2 

232.78 

116.93 

Blocks 

4 

41047.65 

10261.91 

Error 

8 

1708.92 

213.61 

Total 

14 

42989.35 

F (0.05)  = 4.46 
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Will' r 1 roiii  tho  ^nlne  source,  incubiited  under  (.fie  Stiiiie  1 iqfit  condition 
and  analy/ed  at  the  same  time.  The  results  on  tiie  analysis  of  variance 
show  that  F=0.545,  with  2,8  dcxjrces  of  freedom,  is  not  significant 
and  that  the  null  hypothesis  is  sustained  (Table  2).  It  is  concluded 
that  the  addition  of  sediment  elutriate  to  a natural  population  of 
phytoplankton  during  July  and  August  does  not  significantly  influence 
photosynthesis . 

TRACE  METALS  IN  WATER  SAMPLES 

Water  samples  for  trace  metal  analyses  were  obtained  from  each 
transect  by  separately  pooling  surface  and  bottom  water.  Thus,  two  water 
samples  (one  pooled  surface  and  one  pooled  bottom  water)  were  obtained 
from  each  transect  during  each  phase  of  the  tide.  There  were  8 
cruises  made  and  a total  of  204  water  samples  was  obtained  for  Zn, 

Cu,  Cd,  Ni , Pb  and  Hg  analysis.  Those  trace  metals  were  determined 
by  the  APDC-MJBK  extraction  method  of  Brewer  et  al.  (1969)  with 
modifications  developed  in  my  laboratory. 

Tiie  modifications  include  the  following;  The  pH  of  400  ml 
of  previously  acidified  and  Millipore  filtered  seawater  (0.45  urn) 
was  adjusted  to  4.5  with  a 5»  Trizma  base  (Sigma).  The  Millipore 
filter  used  was  soaked  in  1«  APDC  solution  overnight  to  eliminate 
the  metal  contaminates  in  the  filter.  This  precaution  is  essential 
to  eliminate  erroneous  results  particularly  in  the  cases  of  Pb  and 
Zn  which  are  present  as  universal  contaminates.  The  nickel  and  lead 
contents  of  the  extractions  were  determined  by  the  use  of  a IL  Model 
455  Flameless  Atomizer,  and  copper,  zinc  and  cadmium  by  the  standard 
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flame  atomic  abso('('tion  spectrophotometry  usinq  a It  Model  Ibl  Atomic 
Absorption  Spec trophotometer . 

The  linear  regression  equations  for  the  absorbance  vs.  the 
concentrations  of  the  unspiked  and  spiked  samples  of  the  first  and 
second  extraction  are  obtained  by  the  least  square  method.  The 
concentration  of  the  metal  in  the  sample  can  then  be  determined  by 
solving  the  two  simultaneous  equations.  A program  was  written  to  do 
the  repetitive  calculations  on  a Monroe  Model  1655  programmable 
cal cul ator . 

The  mercury  concentrations  of  the  water  samples  were  determined 
by  a cold  trap  preconcentration  method  developed  by  Fitzgerald 
et  al . (1974).  The  water  samples  were  acidified  in  the  field  and 
stored  in  acid  cleaned  Teflon  bottles. 

Table  3 summarizes  the  mean  concentrations  of  nickel,  lead,  zinc, 
cadmium,  copper  and  mercury  in  surface  and  bottom  water  samples 
collected  from  Thames  River  from  July  1974  to  May  1976.  Zinc  concen- 
trations were  the  highest  (11  to  28  ppb)  among  the  six  trace  metals 
examined.  Nickel  concentrations  were  the  second  (3  to  10  ppb).  Copper 
and  lead  concentrations  ranked  the  third  and  fourth  respectively  and 
varied  between  1 to  5 ppb,  while  most  of  the  mean  cadmium  concentrations 
remained  less  than  1 ppb.  The  concentration  of  mercury  was  one  order 
of  n.agnitude  lower  than  that  of  cadmium;  the  mean  concentrations 
varied  from  4 to  50  parts  per  trillion.  Zinc  and  cadmium  concentrations 
in  Thames  River  are  three  times  and  nickel  5-10  times  tiigher  than  the 
reported  concentrations  for  Connecticut  River  (Fitzgerald  et  al.  1974b); 
copper  and  mercury  concentrations  are  comparable  for  the  two  rivers 
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I r _ j-'.can  trace  clcnrnt  concentrations  found  in  the  surface  and  bottom  water 
samples  collected  from  Tfiames  River,  Connecticut,  July  197'?  to  Kay  1976. 
!ig  is  expressed  in  terms  of  parts  per  trillion  (ppt)  and  all  others  ppb. 
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1 1 (".ent 


Pb 


Zn 


Cd 


Cu 


Hg 


1 1 

iyer 

7/74 

11/74 

2/75 

4/75 

7/75 

10/75 

2/76 

5/76 

N 

18 

12 

12 

12 

12 

12 

12 

12 

s 

Mean 

4.35 

5. 

,08 

6. 

.07 

9.92 

3.65 

6.84 

6.34 

5.57 

S.D. 

3.02 

0. 

,93 

4. 

,55 

18.18 

2.05 

5.78 

3.45 

3.40 

B 

Kean 

5.75 

6. 

.62 

5. 

,70 

7.08 

6.33 

5.97 

8.70 

5.86 

S.D. 

7.93 

1. 

,69 

3. 

.28 

3.49 

2.46 

2.66 

7.17 

2.99 

S 

Kean 

1.78 

2, 

.70 

1, 

,63 

4.18 

1.37 

2.19 

2.34 

1.44 

S.D. 

1.23 

4, 

.02 

1. 

.30 

7.13 

0.77 

2.00 

1.67 

1.09 

B 

Kean 

1.76 

5, 

.36 

1, 

.16 

1.42 

1.44 

1.67 

3.37 

1.10 

S.D. 

1.40 

6, 

,99 

1. 

.19 

1.38 

0.97 

2.19 

5.28 

1.08 

S 

Kean 

27.62 

21, 

,97 

20. 

,40 

11.20 

13.52 

26.63 

14.90 

11.74 

S.D. 

17.71 

20, 

,02 

18. 

,88 

3.59 

5.90 

19.85 

9.84 

6.65 

B 

Kean 

21.74 

16, 

,79 

17. 

,21 

11.80 

28.39 

28.15 

18.64 

14.43 

S.D. 

13.01 

9, 

,87 

7. 

,70 

7.21 

53.29 

46.41 

8.17 

8.27 

S 

Kean 

0.94 

1. 

,38 

0, 

.75 

1.03 

0.83 

0.87 

0.69 

1.38 

S.D. 

1.18 

2. 

,64 

0. 

,52 

1.55 

0.49 

0.73 

0.45 

1.66 

B 

Kean 

0.49 

1 , 

,99 

1. 

,11 

0.46 

0.99 

0.74 

0.98 

0.80 

S.D. 

0.74 

4. 

,60 

0. 

,96 

0.32 

1.33 

0.64 

0.91 

0.84 

S 

Kean 

2.22 

1. 

,17 

4. 

11 

2.66 

4.38 

4.21 

5.25 

3.66 

S.D. 

1.12 

1, 

.17 

6. 

,85 

1.65 

2.93 

2.93 

3.28 

2.69 

B 

Kean 

2.79 

1, 

,73 

2. 

,24 

2.92 

3.91 

3.17 

5.58 

2.49 

S.D. 

2.11 

1. 

,28 

1. 

05 

1.25 

2.28 

1.17 

1.69 

1.71 

S 

Kean 

29.33 

15, 

,42 

4. 

,75 

8.42 

19.94 

5.31 

6.33 

12.40 

S.D. 

56.99 

6, 

,93 

1. 

,54 

2.53 

10.87 

3.14 

2.84 

5.70 

B 

Kean 

51 . 56 

16, 

,33 

5. 

,42 

4.75 

27.47 

7.72 

10.22 

7.66 

S.D. 

95.03 

10, 

.92 

2. 

,31 

2.73 

17.87 

5.38 

3.83 

4.54 
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(fitzcjerdld  et  al  . 1 974b;  Fitztjerald  (ind  Lyons.  1973).  No  load  dai.: 
are  available  for  Cotinecticut  River. 

Three-way  analysis  of  variance  (Time  X Transect  X Tide;  Time  X 
Transect  X Layer)  reveals  significant  variations  in  Zn , Ni , Pb,  Cu, 

Hg  and  Cd  with  respect  to  time  and  transects  (Table  4 and  5).  It 
is  also  significant  to  note  that  in  Ni,  Pb,  Cd  and  Hg  the  highest 
concentrations  were  obtained  eitiier  before  or  during  dredging  (Table  3). 
Copper  concentrations  were  significantly  higher  in  the  post  dredging 
period  (July  1975  to  May  1976)  than  in  the  pre-and  during  dredging  period. 
Concentrations  of  Ni,  Cu  and  Pb  were  significantly  influenced  by 
the  tide.  Copper  was  the  only  trace  metal  to  show  significant 
variations  in  surface  and  bottom  water  during  low  tide.  Variations 
of  Ni , Pb,  Cu  and  Hg  concentrations  with  respect  to  the  transect  are 
shown  in  Table  6.  In  general,  Ni , Pb  and  Cu  concentrations  were 
higher  in  the  upper  river  water  samples  (Transect  IV,  V and  VI)  than 
in  the  lower  river  samples  suggesting  the  possibility  that  sources 
of  these  trace  metals  might  be  located  in  the  upper  river.  Mercury 
levels  in  the’surface  water,  on  the  other  hand,  were  significantly 
higher  in  the  lower  river  (Transect  1,  II  and  IV)  than  in  the 
upper  river  transects  indicating  a possible  lower  river  origin  of 
tiiis  trace  metal.  In  view  of  the  evidence  provided  by  our  field 
studios  on  the  distribution  and  concentration  of  Hg  in  the  immediate 
vicinity  of  the  dredge-barge  (see  the  section  below),  we  could  conclude 
that  the  contribution  of  Hg  in  the  lower  river  attributable  to  the 
dredging  operation,  if  any,  was  probably  very  small. 
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lABLL  'I.  Suiimiary  of  significant  results  on  3-way  analysis  of  variance  (Time  X 
Transect  X Tide)  for  water  samples  collected  from  Triames  River, 
Connecticut,  July  1974  to  May  1976.  (Surface  water,  IM02;  Bottom 
l-.'ater,  11  = 102). 


Trace  Tleiiient 

Source 

d.f. 

F 

Depiti 

Mi 

Time 

7,6 

6.055** 

T ransect 

5,6 

8.564* 

Surface 

Tide 

1,6 

11.389* 

Pb 

T i me 

7,6 

6.170* 

T ransect 

5,6 

8.573* 

Surface 

Tide 

1,6 

1.322 

Cu 

Time 

7,6 

20.581*** 

Transect 

5,6 

16.857*** 

Surface 

T ide 

1,6 

11.333* 

Hg 

T ime 

7,6 

13.089*** 

T ransect 

5,6 

6.089* 

Surface 

Tide 

1,6 

5.634 

Pb 

T ime 

7,6 

15.500*** 

Transect 

5,6 

8.808** 

Bottom 

Tide 

1,6 

9.577* 

Cd 

Time 

7,6 

4.318* 

Transect 

5,6 

6.4/0* 

Bottom 

T ide 

1,6 

1.303 

*,  P <0.05; 


P <0.01; 


***,  P <0.001. 
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TABLE,  5 . Sun::iidry  of  sign  .‘f  leant  results  on  3-;.-  y analysis  of  variance  (Tire  X 
Transect  X Layer;  for  water  samples  collected  from  Thames  River, 
Connecticut,  July  1974  to  May  1976.  (High  water,  11=108;  Low  Water 
N=96). 


Trace  Element 

Source 

d.f. 

F 

T ide 

Pb 

Time 

8,40 

4.20*** 

Transect 

5,40 

7.15*** 

High  Water 

Layer 

1,40 

0.43 

Zn 

Time 

8,40 

6.23*** 

Transect 

5,40 

2.03 

High  Water 

Layer 

1,40 

0.002 

Cu 

T ime 

8,40 

2.50* 

Transect 

5,40 

2.80* 

High  Water 

Layer 

1,40 

0.003 

Hg 

Time 

8,40 

4 . 91*’*'=* 

Transect 

5,40 

o.w 

High  Water 

Layer 

1,40 

2.29 

Pb 

Time 

7,35 

2.25 

Transect 

5,35 

2.84* 

Low  Water 

Layer 

1,35 

0.84 

Cu 

Time 

7,35 

15.24*** 

T ransect 

5,35 

3.72** 

Low  Water 

Layer 

1,35 

4.88* 

Hg 

Time 

7,35 

19.78*** 

Transect 

5,35 

12.02*** 

Low  Water 

Layer 

1,35 

2.69 

*,  P <0.05; 


** 


P <0.01; 


***,  P <0.001;  Layer  denotes  surface  and  bottom  water. 
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TABLE  6.  Moan  trace  eloinont  concentrations  in  Tfiames  River  W(.  icr 
samples,  which  show  significant  variations  among  various 
transects . 


T ransect 

Ni 

★ 

Surface  Water 
Pb  Cu 

Hg 
★ ★ 

Bottom 

Pb 

Water 

Cu 

•k 

I 

Mean 

6.83 

1.44 

4. 

.65 

13.98 

1 

.49 

0.60 

S.D. 

4.95 

1.62 

5. 

.62 

9.68 

2 

.22 

0.59 

11 

Mean 

4.26 

1.69 

2, 

.44 

24.99 

1 

.75 

0.67 

S.D. 

3.00 

0.90 

2. 

.22 

59.39 

2 

.95 

0.68 

III 

Mean 

5.14 

1.80 

1, 

.91 

9.68 

1 

.38 

0.87 

S.D. 

2.53 

1.48 

1. 

,65 

7.11 

1 

.74 

0.83 

IV 

Moan 

3.91 

1.51 

3. 

,52 

13.26 

1, 

.87 

1.05 

S.D. 

2.31 

0.90 

2. 

,24 

11.28 

1 , 

.43 

0.90 

V 

Mean 

6.41 

3.53 

3. 

,68 

7.68 

1 , 

,92 

1 .80 

S.D. 

4.04 

5.89 

2. 

61 

3.97 

1 . 

,16 

3.95 

VI 

Mean 

8.75 

3.10 

4. 

,10 

11.27 

4. 

.41 

0.52 

S.D. 

15.32 

3.72 

3. 

,45 

9.74 

6. 

,82 

0.75 

★ 


P -0.05;  **,  P <0.01;  ***,  P <0.001. 
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Multiple  regression  analysis  of  temperature,  salinity,  oxygen, 
chlorophyll  a,  b and  c and  the  six  trace  metals  in  water  samples 
revealed  a number  of  significant  correlation  coefficients  (Table  7). 
Mercury  concentrations  are  signi f icantly  correlated  with  both  tempera- 
ture and  chlorophyll.  These  relationships  can  be  expressed  in  the 
following  two  regression  equations: 

Y = 1.198  X + 1.080, 

where  Y = mercury  concentration  and  X = temperature  (F=10.252; 
d.f.  1,195;  P <.01),  and 

Y = 0.993  X + 10.936, 

where  Y = mercury  concentration,  X = chlorophyll  c (F=6.108,  d.f.  1,195; 
P <0.05).  The  seasonality  of  mercury  concentration  suggested  by  the 
first  regression  equation  is  further  corroborated  by  data  presented 
in  Table  3;  highest  mercury  concentrations  were  found  in  July  and 
lowest  levels  in  colder  months  of  the  year.  The  second  regression 
equation  strongly  suggests  that  the  high  mercury  concentration  is 
associated  with  phytoplankton  which  is  also  temperature  dependent 
(Table  1 and  7 ) . 

Copper  concentrations  are  negatively  correlated  with  salinities; 
this  relationship  is  represented  by  the  following  regression  equation: 

Y = -0.048  X + 4.154, 

where  Y = Cu  concentrations  and  X = salinity  (F=4.978;  d.f.  1,195; 

P '0.05).  Similar  observation  was  reported  by  Fitzgerald  et  al . 

(1974b)  in  the  Connecticut  River  water. 


Multiple  regression  analysis  of  temperature,  salinity,  oxygen,  chlorophyll  a,  b and  c and  trace  metal 
concentrations  observed  in  water  samoles  collected  from  Thames  River,  Connecticut,  July  1974  to  May  1976 
(\=204). 
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DISTRIBUTIONS  OF  CHLOROPHYLL  A AND  MERCURY  CONCENTRATIONS 
IN  THE  IMMEDIATE  VICINITY  OF  THE  DREDGE-BARGE 

Two  high  resolution  surveys  in  the  inimediate  vicinity  of  the 
dredge-barge  during  dredging  operations  were  conducted  in  the 
river,  on  April  9 and  May  14,  1975.  These  studies  were  conducted 
concurrently  with  Dr.  Bohlen's  suspended  load  investigations  when  the 
dredge-barge  was  located  at  the  mouth  of  the  Thames  and  the  State 
Pier  respectively.  During  the  two  cruises,  a total  of  40  stations 
was  occupied  and  126  water  samples  were  collected  for  chlorophyll  a 
and  mercury  determinations. 

Chlorophyll  a and  mercury  concentrations  of  samples  obtained  on 
April  9 are  shown  in  Figures  3 and  4;  the  dredge-barge  was  located  at 
the  southernmost  boundary  of  the  channel.  It  is  significant  to  note 
that  the  levels  of  chlorophyll  a and  mercury  are  significantly  lower 
in  the  plume  (south  of  the  di^edge-barge)  than  in  the  background  (north 
of  the  dredge-barge). 

The  investigation  carried  out  on  May  14  was  conducted  approximately 
500  yd.  south  of  the  drawbridge  in  the  vicinity  of  the  State  Pier 
which  was  the  northernmost  boundary  of  the  Phase  I project.  The  data 
are  presented  graphically  in  Figures  5 and  6.  Concentrations  of 
chlorophyll  a were  slightly  higher  in  the  immediate  vicinity  of  the 
dredge-barge  at  all  three  depths  and  quickly  dissipated  into  the  back- 
ground levels  within  250  yd  from  the  site  of  dredging. 

Although  pockets  of  high  mercury  levels  were  observed,  the  general 
pattern  of  lower  mercury  concentrations  in  the  immediate  vicinity  of 
the  barge  was  detected  again  in  this  study.  It  was  most  prominent 


Figure  3.  The  distribution  of  chiorophyri  a concentrations  (mg/M^)  in  the  vicinity  of 
tne  oredge-barge  (B)  on  April  9,  1975  in  New  London  ^edge  (NIL)  area. 
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igure  4.  The  aistrioution  of  mercury  concentrations  (parts  per  trillion)  in  tne 

viciiiity  of  the  dredge-barge  (B)  on  April  9,  1975  in  New  London  Ledge  (NLL)  area. 
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In  the  surfdce  and  liottom  samples. 

Fields  of  lov^er  chlorophyll  a figures  v;ere  observed  at  all  three 
depths  south  of  the  barge  on  April  9,  v/hen  the  background  concentration 
of  chlorophyll  a was  approximately  2.2  mg/M^;  this  observation  suggested 
a possible  transient  interruption  of  photosynthesis  in  the  water 
column  presumably  due  to  shading  caused  by  a temporary  increase  in 
suspended  load.  During  the  cruise  of  May  14,  however,  the  effect  of 
dredging  on  photosynthesis  appeared  to  be  negligible,  when  the 
concentration  of  chlorophyll  a in  the  surface  samples  on  this  date 
reached  14  to  16  mg/M^.  Apparently  the  productivity  in  the  river  was 
such  that  the  small  effect  of  increased  suspended  load  on  photosynthesis 
was  submerged  in  the  high  background  level  of  chlorophyll  a.  There 
were  indications  that  chlorophyll  a concentrations  were  slightly 
higher  in  the  immediate  vicinity  of  the  barge. 

The  apparent  decrease  of  mercury  concentrations  in  the  vicinity 
of  the  barge  was  perhaps  associated  with  the  adsorption  of  the  trace 
metal  on  the  resuspended  sediment  which  quickly  settled  out  of  the 
water  column,  although  experimental  evidence  is  still  lacking.  Similar 
reduction  of  mercury  values  during  dredging  has  been  documented  by 
Jeane  and  Pine  (1975).  A second  possible  explanation  for  the  lower 
mercury  concentrations  observed  is  the  release  of  fulvic  acids  from 
the  resuspension  of  sediment;  fulvic  acids  are  known  to  be  present 
in  the  sediment  and  furthermore,  they  bind  trace  metals  readily 
(Nevflnan  and  Feng,  unpublished  data).  Since  the  technique  employed  for 
mercury  determination  detects  only  reactive  forms  or  readily  avail- 
able mercury  in  the  water  sumple,  the  organically  bound  mercury  may 
have  escaped  detection. 
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IRACL  MLTALS  AfU)  ORGANIC  CARBON  IN  SURFICIAL 
SFDIMLNT  SAMPLES 

Three  q»’ab  sdiiiples  from  each  transect  in  the  ship's  channel  vjere 
taken  on  July  18,  1 974  and  February  20,  1976;  36  samples  vjere  obtained. 
The  1974  samples  provide  a predredging  background  for  the  geochemical 
condition  of  the  channel  sediment,  while  the  1976  samples  portray 
the  post-dredging  trace  metal  profile. 

For  the  analysis  of  Ni , Cd , Cu,  Zn  and  Pb  in  sediment  samples 
the  following  procedures  were  carried  out  at  the  laboratory.  Twenty 
grams  of  wet  samples  were  removed  from  the  top  10  mm  of  the  sediment 
samples,  dried  to  a constant  weight  in  an  oven  at  60^  C.  One  half 
grams  of  a pulverized  dry  sediment  were  extracted  with  10  ml  concentra- 
ted nitric  acid  (15  N)  in  a 25  ml  screw  capped  volumetric  flask  for 
6 hours.  The  extract  was  filtered  through  a precleaned  glass  fiber 
filter  (Gilman)  and  diluted  to  25  ml  with  distilled-deionized  water. 

The  solutions  were  then  analyzed  by  the  established  procedures  of 
atomic  absorption  spectrophotometry.  For  mercury  analysis,  0.5  gm  of 
wet  sediment  were  digested  with  30  ml  of  sulfuric  acid  (36  N)  and 
processed  as  recommended  for  samples  of  shellfish  tissues  according 
to  the  procedure  outlined  in  the  Perkin-Elmer  Instruction  Manual 
for  Mercury  Analysis  System  (303-3119).  The  results  were  expressed  in 
terms  of  micrograms  per  gm  dry  weight  of  sediment. 

Determinations  of  percent  organic  carbon  in  the  sediment  samples 
were  carried  out  by  the  method  of  Gaudette  et  al  . ( 1974).  The  mean 
percent  organic  carbon  content  as  well  as  the  mean  concentration  of 
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Ni , Cd,  Cu,  Zn,  Pb  and  Hg  derived  from  Lri()licate  samples  in  the 
sediment  from  the  six  transects  on  two  sampling  dates  are  presented  in 
Table  8 and  9.  The  concentrations  of  the  six  trace  metals  and  organic 
carbon  in  the  channel  sediment  tend  to  increase  toward  upriver.  As 
would  be  expected,  areas  of  high  concentrations  are  generally  associated 
with  industrial  activities  along  the  river,  e.g..  Transect  II,  III 
and  V correspond  to  Pfizer,  Electric  Boat  and  the  U.S.  Submarine  Base 
respectively.  With  the  exception  of  nickel,  the  highest  concentration 
of  the  trace  metals  and  organic  carbon  was  found  in  the  sediment  of 
Transect  VI;  these  results  are  highly  significant  as  suggested  by 
the  two-way  analysis  of  variance.  The  channel  from  which  the  Transect 
VI  sediment  samples  were  taken,  is  characteri zed  by  low  oxygen  content 
near  the  bottom.particularly  during  the  summer.  It  is  assumed  that 
the  concentration  of  trace  metals  at  this  transect  is  probably 
enhanced  by  the  sewage  from  the  City  of  Norwich  upriver.  When  one 
compares  the  predredging  data  with  that  of  the  postdredging  period,  there 
is  a discernible  reduction  of  copper  (P  0.05)  in  the  lower  river 
transects  in  postdredging  samples.  The  organic  carbon  content, 
on  the  other  hand,  shows  a slight  increase  in  the  post-dredging  data 
which  is  statistically  significant  (Table  8,  P 0.01).  The  data  suggest 
the  possible  existence  of  a seasonal  cycle  in  the  organic  carbon  of 
sediments;  it  is  postulated  that  the  slightly  higher  organic  carbon 
content  in  the  coldest  month  (February)  of  the  year  is  due  to  the 
reduced  rate  of  organic  carbon  breakdown  by  microbial  activities. 

When  the  trace  metals  and  percent  organic  carbon  data  are 
subjected  to  multiple  regression  analysis,  it  is  revealed  that  the 
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TABLE  8-  percent  organic  carbon  in  surficial  sediment  samples  obtained 

from  the  ship's  channel  in  Thames  River,  Connecticut,  on  July  ?,  1974 
and  February  20,  1976.  Mean  is  derived  from  triplicate  samples. 


Mean  % Organic  C ± IS.D. 


Transect 

7/2/74 

2/20/76 

I 

1.61 

1 0.07 

1.65  ± 0.24 

II 

2.58 

± 0.38 

2.61  ± 0.19 

III 

2.45 

± 0.32 

3.09  ± 0.36 

IV 

2.96 

± 0.19 

2.89  + 0.21 

V 

3.83 

i 0.53 

4.66  ± 0.65 

VI 

7.23 

± 0.48 

8.14  ± 0.81 

ANOVA 

Source 

d.f. 

Sum 

of  Squares  Mean  Square  F P 

7.876**  <0.01 

154.514***  <0.001 

1.674 
0.424 


Dates 

1 

1.4161 

1.4161 

Transects 

5 

138.9120 

27.7824 

Dates  X Transects 

5 

1.5051 

0.3010 

Error 

24 

4.3153 

0.1798 

**,  P <0.01;  ***,  P 

<0.001 
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!'t’.  Cd,  Cu,  Hg  <uid  . concent  i i oir..  in  cnr;i'  lui  ■ ■'<■ 

; U'c  obtained  from  tiio  ship's  cnifmel  in  Indinos  River, 
Connecticut,  on  July  2,  19/4  and  februdry  20,  19/C.  The  resul 
is  expressed  as  mean  ppm  + 1.  S.D. 


Pb  Zn 


1 ransect 

7/:’/74 

2/20/76 

7/2/74 

2/20/76 

] 

30. P.59 

23.66+  1.94 

101.72+  7.05 

95.96 

+ 56.64 

II 

44.79^  4.21 

32.41+  4.84 

207.49+  31.76 

226.13 

T 66.82 

111 

87.  P4. 53.86 

45. 67+-  8.35 

221.32+  76.33 

247.92 

+ 55.14 

IV 

4C.4GH4.12 

34.39-+23.91 

161.91+  55.00 

218.21 

+171.23 

\' 

69.4Cf35.45 

71.47+  3.73 

255.041 108.49 

359.89 

+'  15.85 

VI 

167.60rPl .62 

150.42+19.46 

428.74+  75.62 

810.89 

+196.70 

AliOVA 

F 

F 

d.f. 

nate!i 

3.984 

9. 579** 

1 ,24 

T ransects 

28.229*** 

22.087*** 

5,24 

T ransect 

Cd 

Cu 

I 

0.66r0.16 

0.71+0.11 

13.71+  0.78 

11.25+  1.87 

1 1 

1.4110.84 

1.4510.19 

21.18+  2.00 

14.17+  3.57 

III 

1.57+0.10 

1.77+0.16 

25.34+  9.76 

20.87+  1.04 

IV 

1.2610.29 

1.48+0.24 

20.31+  6.94 

16.66+^12.02 

V 

2.29+0.52 

2.17+0.05 

34.78+20.52 

36.13+  3.03 

VI 

4.84^0.60 

4.45+_0.51 

113.97j;^20.02 

84.65j+ll  .42 

AhOVA 

r 

F 

d.f. 

Dates 

0.0001 

4 . 903* 

1 ,24 

T ransects 

74 . 363  * 

* * 

60.668*** 

5,24 

T ransect 

Hg 

Ni 

I 

.135+. 031 

.111+. 041 

17.09+  1.48 

17.00*  0 

1 1 

.126+'.  01  3 

.039+. 004 

43.65b  6.82 

30.1:'*  4 

1 1 1 

.142+ .052 

.184+'.  108 

57. in  19.80 

47. , 1 

IV 

. 1986.058 

.200+'.  130 

31.12+  9.14 

•+' . i • 1 

V 

.237+. 118 

.181+. 030 

42.16*13.04 

• . , 

VI 

.725+_.064 

.7291.130 

45.70+  f./l 

Ah  OVA 

r 

1 

P ! 1 "5 

0.190 

. 

I r a nsec  ts 

53.984' 

P * 

*,  P •'O.OL,  P -0.01;  1 
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metal  concentration,  with  the  exception  of  nickel,  is  coirelated 
with  the  percent  organic  carbon  content  in  the  sediment  (Table  10 
and  11).  The  linear  regression  equations  which  describe  these  relation- 
ships, are  summarized  as  follows: 

1 . Zn,  Y = 102  X -68,  r = 0.89, 

2.  Pb,  Y = 19.94  X -16.96,  r = 0.96, 

3.  Cu,  Y = 11 .81  X -14.58,  r = 0.96, 

4.  Cd,  Y = 0.54  X -0.07,  r = 0.98, and 

5.  Hg,  Y = 0.09  X -0.098,  r = 0.84, 

where  Y = [trace  metal j and  X = % organic  carbon.  This  finding  is 
significant  in  that  by  simply  determining  the  percent  organic  carbon 
of  the  channel  surficial  sediment,  it  is  possible  to  predict  the  five 
trace  metals  contained  in  the  sample. 

TRACE  METAL  CONCENTRATIONS  IN  THE  THREE  SPECIES  OF  SHELLFISH 

The  propensity  of  bivalve  molluscs  to  accumulate  waterborne 
contaminants,  e.g.,  viruses,  bacteria,  toxic  algae,  trace  metals, 
hydrocarbon,  pesticides  and  related  compounds  from  the  environment, 
is  well  known.  In  a two-year  study  of  the  distribution  and 
concentration  of  five  trace  metals  (zinc,  copper,  cadmium,  mercury 
and  manganese)  in  oysters  along  the  north  shore  of  Long  Island  Sound, 

Feng  and  Ruddy  (1975)  report  that  the  distribution  and  concentration 
pattern  of  zinc,  copper  and  cadmium  in  the  oyster  coincide  with  the 
industrial  and  population  centers  of  the  coastal  region  of  Connecticut. 
Recent  work  by  Alexander  and  Young  (1976)  suggests  that  Mytilus 
cal i fornianus  is  a particularly  sensitive  indicator  for  copper, 
chromium  and  silver  of  urban  point  sources  in  southern  California  waters. 
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TABLE  10  . Intereleinent  and  percent  organic  carbon  correlations  (r)  in  surficial 
sediment  samples  obtained  from  the  ship's  channel  in  Thames  River, 
Connecticut,  July  2,  1974. 


Pb 

Zn 

Cd 

Cu 

Hg 

%C 

Mean 

5.D. 

Ni  .3719 

.6486] 

.3876 

.3867 

.2019 

.3528 

39.47 

16.93 

Pb 

.7996 

.8539 

.8608 

.8635 

.8265 

74.43 

52.66 

Zn 

^,.^^^^.8810 

.9188 

.8187 

.8904 

229.37 

118.86 

Cd 

.9494 

.9154 

.9433 

2.01 

1.45 

Cu 

.9433 

.9618 

38.22 

37.04 

Hg 

.9410 

0.26 

0.22 

%c 

— 

3.44 

1.90 

Correlation  coefficients  (r)  within  the  boundary  are  highly  significant  (P  <0.01;  N=18). 


TABLE  11  . Interelement  and  percent  organic  carbon  correlations  (r)  in  surficial 
sediment  samples  obtained  from  the  ship's  channel  in  Thames  River, 
Connecticut,  February  20,  1976. 


Pb  Zn  Cd 

Cu 

Hg 

%C 

Mean 

S.D. 

Ni  .6054  .6453  .6344 

.5846 

.3450 

.6132 

39.74 

11.16 

Pb  .9462  .9427 

.9969 

.8631 

.9629 

59.66 

45.94 

Zn  .8845 

.9488 

.8438 

.8928 

326.50 

255.36 

Cd 

.9431 

.8707 

.9757 

2.01 

1.23 

Cu 

.8643 

.9654 

30.62 

26.85 

Hg 

.8449 

0.25 

0.24 

%C 

— 

3.84 

2.22 

All  correlation  coefficients 

(r)  except  one 

(Ni-Hg), 

are  highly  significant 

(P  <0.01;  r;=i8). 
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In  the  present  investigation,attempts  were  made  to  monitor  six 
trace  metals  in  three  indigenous  species  of  bivalve  molluscs, 
Cjassostre^  virginica,  Mercenaria  mercenaria  and  Pi  tar  morrhuana^, 
as  a means  of  assessing  the  possible  effect  on  these  bivalves  of 
trace  metals  released  from  the  dredging  operation. 

A preliminary  survey  of  the  distribution  of  shellfish  in  the 
river  showed  that  Pj  t a_r  morrhuana^  and  Mercenaria  mercenaria  occupied 
more  or  less  the  same  range  and  were  most  abundant  in  the  area  1.1  to 
4.8  nautical  miles  north  of  the  New  London  Ledge  Light;  8 stations  from 
A to  H were  designated  for  sampling  M.  mej^.enajla  and  £.  mprrhjjan^ 

(Fig.  1).  Major  oyster  (Crassosj^rea  virginica)  seed  beds  were  located 
6.8,  7.4,  8.2  and  9.0  nautical  miles  from  the  mouth  of  the  river  and 
designated  as  stations  0-2,  0-3,  0-6  and  0-7  respectively. 

Sample  co2.1ectj^on.  Mercenaria  mercenaHa  and  P^.  morrhu^na^  were 
obtained  by  a hydraulic  dredge,  while  C.  virginica  were  collected  by 
a standard  oyster  dredge  employed  by  the  local  shellfishermen. 

Over  900  M.  mercenarja  and  Pitar  morrhuanp  each,  and  264  C.  virginica 
were  sampled  from  July  1974  to  May  1976. 

Methods.  Shellfish  were  cleaned  of  sediment  and  fouling 
organisms  by  brushing  under  running  tap  water  and  carefully  denuded. 

In  general  the  meats  from  8 oysters  or  hard  clams  and  14  Pijp£  were 
pooled  and  homogenized  without  adding  any  dilutent  in  a Tekmar  homo- 
genizer.  The  homogenized  samples  were  lyophilized  overnight  using  a 
Virtis  freeze  dryer.  Zinc,  copper,  cadmium,  lead  and  nickel  in  0.4  gm 
of  freeze-dried  shellfish  tissues  were  analyzed  using  the  method  of 
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Fong  and  Ruddy  (1976).  Only  0.2  gm  of  tissues  were  needed  for  mercury 
analysis  which  was  accomplished  by  the  method  of  Hatch  and  Ott  (1968) 
using  the  principle  of  cold  vapor  atomic  absorption  spectrophotometry 
on  a Coleman  MAS-50  Mercury  Analyzer. 

Gross  pathological  survey  of  the  shellfish  was  accomplished  by 
dissecting  8 to  10  individuals  of  each  species  of  shellfish  from  each 
station.  The  following  anatomical  regions  were  carefully  inspected 
for  gross  pathological  conditions:  inner  and  outer  aspects  of  gills, 

palps,  mantle  and  pericardial  cavity. 

The  average  trace  metal  concentrations  in  the  tissues  of  C. 
vir£inica,  M.  niercenaria  and  P.  morrhuan^  obtained  from  various 
stations  on  a seasonal  basis  from  July  1974  to  May  1976  are  summarized 
in  Table  12,  13  and  14. 

Temporal  and  ^atial  distribution  pf__trace_metal_s  in  shel  1 fish. 

Of  the  six  trace  metals  detected,  zinc  was  found  to  have  the  highest 
concentrations  in  the  three  species  of  bivalve  molluscs  (Table  12  and  13). 
In  the  oyster  tissue  the  concentration  of  zinc  was  two  orders  of 
magnitude  higher  than  that  of  M.  mercena£i£  and  P^.  morrhuana.  The 
total  mean  concentration  of  copper  in  C.  virginica  was  one  order  of 
magnitude  higher  than  that  of  M.  mepcenaria^  and  IP.  nppphuana, 

(Table  12).  Copper  concentrations  in  C.  virg^ini^ca  exhibited  a 
seasonal  high  in  July,  as  did  the  zinc  concentrations.  In  M.  mepcena^ij^ 
and  P.  morrhuana,  although  the  variations  in  copper  concentration 
obtained  on  different  dates  were  considered  significant  (P  <0.001),  no 
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Table  13.  Significant  temporal  variations  in  mean  concentrations  of  cadmium,  lead  and  mercury  found 

in  Crassostrea  virginica  (CV) , Mercenaria  mercenaria  (MM)  and  Pi  tar  morrhuana  (PM)  collected 
from  Thames  River,  Connecticut,  July  1974  to  May  1976. 
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dble  14  Significant  spatial  variations  in  mean  concentrations  of  zinc,  copper,  nickel,  lead  and  mercury 

found  in  Crassostrea  virginica  (CV),  Mercenaria  mercenaria  (VM)  and  PJt^r  morrhuana  ',?'•)  col.ected 
from  Thames  River,  Connecticut,  July  1974  to  May  1976. 
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consistent  pattern  was  detected.  There  were  clearly  discernible 
differences  in  the  copper  concentrations  of  the  upper  and  lower  river 
hard  clam  populations;  the  lower  river  population  represented  by 
Stations  A,  B,  C,  D and  E in  general  contained  less  copper  than  the 
upper  river  population  (Stations  F,  G and  H)  (Table  14).  This 
observation  is  consistent  with  relatively  high  concentrations  of 
copper  encountered  in  the  upper  river  water  and  sediment  samples 
(Table  6 and  9). 

Mean  nickel  concentrations  varied  from  5 ppm  in  C.  vj>^ini_c^ 
to  8 ppm  in  M.  mercenaria  and  P^.  morrhuana  (Table  12).  In  all 
three  species  the  highest  level  of  nickel  was  found  in  the  December 
1975  samples.  It  was  also  noted  that  the  concentrations  of  nickel 
in  M.  merc^enaria  gradually  increased  toward  the  lower  river  (Table  14). 
Such  a pattern  was  contrary  to  the  concentration  gradient  seen  in  the 
water  and  sediment  (Table  6 and  9). 

Interspecific  differences  of  cadmium  concentrations  are  clearly 
evident;  C.  vi rginica  contains  the  highest  level  of  cadmium 
(5.02*1.94  ppm),  £.  morrhuana  with  3.58+1.19  ppm  ranks  the  second  and 
M.  mercenari^  shows  the  lowest  concentration  (1.43+0.58  ppm)  (Table  13). 
In  C.  vi  rginica  and  M.  mercenaria^,  again,  the  highest  level  of  cadmium 
was  detected  in  the  samples  obtained  on  July  1975  when  the  dredging 
was  completed.  The  variations  of  mean  cadmium  concentrations  from 
2.90  to  4.30  ppm  obtained  from  various  sampling  dates  in  P.  morrhuana 
were  considered  not  significant.  However,  significant  spatial  variations 
in  cadmium  levels  were  noted  in  M.  mercenari^  and  £.  morrhuana;  the  * 
lower  river  populations  showed  consistently  higher  mean  levels  of 
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caciiinuni  than  the  upper  river  populations  (Table  14). 

Lead  concentrations  were  at  the  detection  limit  of  our  analytical 
procedure  in  50%  of  M.  mercenaria  and  62%  of  £.  yjrginica  samples. 

Pi  tar  appeared  to  have  a special  affinity  to  lead  and  attained  a mean 
lead  concentration  of  31.03+12.25  ppm  (N=66)  which  was  10  to  15  times 
higher  than  the  concentrations  found  in  M.  mercenari^  and  C.  vir^j^nic^. 
It  was  significant  to  note  that  in  all  three  species  of  bivalves  the 
highest  level  of  lead  was  detected  simultaneously  in  the  samples 
obtained  in  May  1975  (Table  13),  months  before  dredging  was 
terminated.  During  this  time  the  lead  content  in  the  surface  water 
was  also  the  highest  (Table  3).  In  the  upper  river  stations  the 
lead  concentrations  in  M.  merc^^ria  and  P.  morrhuana  were  again 
s igni f fcantly  higher  (Table  14),  while  no  such  concentration  gradient 
that  could  be  correlated  with  locations  was  found  in  C.  vir^iniM. 

In  all  three  species  of  shellfish,  there  were  significant 
temporal  variations  in  mercury  concentrations  (Table  13).  Generally 
in  the  pre-and  during  dredging  period  the  concentrations  of  mercury 
were  either  higher  than,  or  equal  to  those  of  the  post-dredging 
months.  Mercury  concentrations  were  significantly  higher  in 
C.  yirginica  and  M.  mercenarja  samples  obtained  from  upper  river 
stations  than  those  from  lower  river  stations  (Table  14). 

Analysis  of  the  effect_of  dredging  on  trace  metals  in  shell  fisji. 
Since  predredging  data  on  the  concentration  of  trace  metals  in  the 
shellfish  were  limited  only  to  July  1974,  it  appeared  that  the 
best  possible  way  to  assess  the  effect  of  dredging  was  to  compare  the 
predredging  with  the  post  dredging  data  (July  1974  vs  July  1975),  and 
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the  during  dredging  against  the  post  dredging  data  (November  1974  vs. 
December  1975;  March  1975  vs.  March  1976  and  May  1975  vs.  May  1976). 

The  results  of  the  four  paired  comparisons  using  the  F test  are  pre- 
sented in  Table  15,  16  and  17.  In  C.  virginica,  only  Ni  showed 
significant  increase  in  concentration  in  tissues  collected  after 
dredging,  while  the  concentrations  of  the  other  five  trace  metals 
(Zn,  Cd,  Cu,  Hg  and  Pb)  decreased  significantly  (Table  15).  It 
was  further  noted  that  the  number  of  trace  metals  showing  decreases 
increased  as  the  dredging  operation  proceeded.  This  apparent  cor- 
relation might  suggest  that  less  trace  metals  were  reaching  the 
oyster  seed  beds  which  are  located  7-9  nautical  miles  north  of  the 
dredging  site. 

Of  the  14  significant  changes  in  the  trace  metal  concentrations 
detected  in  M.  mercenaria,  50%  of  the  changes  show  decreases  (Table  16). 
Specifically  cadmium  and  nickel  concentrations  were  significantly 
higher  in  the  shellfish  during  dredging,  while  the  concentrations  of 
copper  and  mercury  decreased  noticeably.  Zinc  and  lead  concentrations 
decreased  substantially  in  certain  post  dredging  dates  (5/75  vs  5/76, 
11/74  vs.  12/75)  but  increased  significantly  at  other  time  intervals 
(7/74  vs.  7/75). 

The  results  of  the  paired  comparisons  of  trace  metals  in  P^. 
morrhuana  are  suiimarized  in  Table  17.  Cadmium  and  nickel  concentrations 
behaved  in  the  same  manner  as  they  did  in  M.  mercenari^.  It  can  be 
noted  that  significant  reductions  of  copper  and  zinc  concentrations 
occurred  after  dredging  in  comparison  with  before  dredging  as  well 
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TABLE  15-  Comparison  of  mean  trace  metal  concentrations  in  Crassostre_a  vir^ijnca 
collected  on  July  1974  and  1975,  November  1974  and  December  1975, 

March  1975  and  1976,  as  well  as  May  1975  and  1976  from  Thames  River, 
Connecticut. 


Trace  Element 

7/74 

7/75 

F 

d.f . 

Remarks 

N=4 

N=4 

Hg 

0.39±  0.02 

0.28± 

0.06 

24.172* 

1,3 

0 

11/74 

12/75 

N=4 

N=4 

Zn 

14213. 25±741. 94 

11448.26+3010.03 

119.417*** 

1,3 

0 

Ni 

5.37i  1.08 

8.01  + 

0.91 

136.883*** 

1,3 

I 

Cd 

3.1U  0.52 

2.78± 

0.44 

27.539** 

1,3 

D 

3/75 

3/76 

N=4 

N=4 

Zn 

14481. 75±2978. 15 

11503.36+4052.08 

54.005*** 

1,3 

0 

Cu 

921.00+  204.40 

472. 23± 

122.53 

45.338*** 

1,3 

D 

Cd 

5.48+  0.78 

4.18± 

0.57 

10.696* 

1,3 

0 

Hg 

0.36+  0.02 

0.24+ 

0.02 

78.045*** 

1,3 

D 

5/75 

5/76 

N=4 

N=5 

Zn 

16224.94  0240.11 

8774.59+2485.05 

12.202* 

1,3 

D 

Cu 

803.42+  180.63 

267.33+ 

77.02 

69.538*** 

1,3 

D 

Cd 

5.89  0.62 

4.02± 

0.50 

73.704*** 

1,3 

D 

Pb 

4.16+  2.04 

1.25  + 

1.08 

14.974* 

1,3 

D 

*,  P <0.05;  **,  P <0.01;  ***,  P <0.001 


D = Decrease;  I = Increase. 
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TABLE  16.  Comparison  of  mean  trace  metal  concentrations  in  Mercenaria  n:ercenaria 
collected  on  July  1974  and  1975,  November  1974  and  December  1975, 

March  1975  and  1976,  as  well  as  May  1975  and  1976  from  Thames  River, 
Connecticut. 


Trace  Element 

7/74 

7/75 

F 

d.f. 

R, : arks 

N=17 

N=14 

Zn 

186.88i6Z.62 

285.92+176.83 

15.600*** 

1,19 

I 

Cd 

1.08+  0.24 

2.03+  0.29 

97.981*** 

1,19 

I 

Cu 

30.09+  4.74 

22.951  5.97 

30.317*** 

1,19 

D 

Hg 

0.33+  0.14 

0.21+  0.09 

10.566*** 

- 

D 

11/74 

12/75 

N=10 

N=12 

Cu 

22.93±  4.90 

16.85+  4.69 

17.170*** 

1,10 

D 

Ni 

8.94±  2.48 

13.11+  4.39 

5.944* 

1,10 

I 

Pb 

1.70+  0.00 

5.62+  1.42 

197.132*** 

1,10 

I 

Cd 

0.71±  0.35 

1.11+  0.60 

6.378* 

1,10 

I 

Hg 

0.30+  0.12 

0.26+  0.11 

7.137* 

1,10 

D 

3/75 

3/76 

N=ll 

N=13 

Ni 

5.45+  1.87 

8.68+  2.35 

11.431* 

1,12 

I 

Cd 

1.17±  0.31 

2.02+  0.28 

54.452*** 

1,12 

I 

5/75 

5/76 

N=12 

N=13 

Zn 

236.06+46.99 

125.14+  27.20 

57.530*** 

1,13 

D 

Cu 

25.25+  3.21 

19.47*  6.30 

12.112** 

1,13 

0 

Pb 

8.01+  3.19 

3.24*  1.92 

18.232*** 

1,13 

D 

*,  P <0.05; 


**,  P <0.01; 


***,  P <0.001; 


D = Decrease;  I 


Increase. 
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TABI  E 17.  Comparison  of  trace  metal  concentrations  in  Pi  tar  morrhuan^ 
collected  on  July  1974  and  1975,  November  1974  and  December 
1975,  March  1975  And  1976  as  well  as  May  1975  and  1976. 


Trace  Element 

7/74 

7/75 

F 

d.f. 

Remarks 

N = 6 

N = 10 

Pb 

18.38+  4.58 

36.15+13.88 

21 . 694*** 

1,8 

I 

Cd 

3.42+  1.28 

4.12+  0.83 

5.900* 

1,8 

I 

Cu 

20.92+  1 .96 

15.97+  3.30 

8.909* 

1,8 

D 

Hg 

0.21+  0.05 

0.16+  0.02 

6.344* 

1,8 

0 

11/74 

12/75 

N=9 

N=6 

Cu 

17.55+  6.51 

9.80+1.95 

12.634** 

1,7 

0 

3/75 

3.76 

N=8 

N = ll 

Ni 

5.15+_  0.98 

9.25t  1.92 

26.743*** 

1,11 

I 

Pb 

35.67+_  9.77 

23.01+  5.91 

20.612*** 

1 ,11 

0 

5/75 

5/76 

N-7 

N=9 

Pb 

45. lit  8.08 

23.90t  4.87 

36.297*** 

1,8 

D 

Zn 

389.07t84.26 

226.21t80.18 

54.750*** 

1,8 

0 

Hg 

0.12t  0.02 

0.22t  0.03 

38.753*** 

1,8 

I 

*,  P -0.05; 


'*■,  P -O.Ol;  ***,  P <0.001;  0 = Decrease;  I = Increase 
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species  of  shellfish  are  viewed  as  a whole,  24  of  the  30  cases 
encountered,  or  66»,  registered  a decrease  in  the  trace  metal  concentra- 
tions . 

Gross  patholojicaj  exami nations  of  the  shellfish.  A total  of 
2B6  virginica,  824  M.  mercenaria  and  660  morrhuana^  were  examined 
for  gross  pathological  conditions  from  July  1974  to  May  1976.  No 
discernible  abnormalities  were  noticed  in  the  inner  and  outer  aspects 
of  gills  and  palps,  as  well  as  the  pericardial  cavity  of  the  three 
species  of  bivalves.  In  December  1975,  six  clams  were  found  to  contain 
sediments  in  their  mantle  cavity;  this  was  probably  due  to  decreasing 
water  temperatures  which  reduced  the  efficiency  of  the  cleansing 
mechanism  of  M.  mercenanj^. 

Interspecific  vacations  in  t^e  affin_ity  to_trdce  luetalj  shown 
by  the  shejjfish.  There  are  two  lines  of  evidences  in  this  study, 
which  indicate  special  affinities  of  the  shellfish  for  specific  trace 
metals;  such  evidences  are  demonstrated  by  the  orders  of  magnitude  of 
the  six  trace  metals  found  in  the  three  species  of  shellfish  (Table  18) 
and  the  presence  of  specific  interelement  correlations  as  revealed  by 
multiple  regression  analysis  (Table  19,  20  and  21).  The  predilection 
for  specific  trace  metals  by  the  shellfish  is  shown  in  the  following 
manner:  C.  virginica  appears  to  be  most  efficient  in  taking  up  zinc, 

while  the  relative  concentrations  of  copper,  nickel  and  mercury  are 
the  highest  in  M.  mercenaria.  P.  morrhuana^  exhibits  special  affinities 
for  lead  and  cadmium,  since  the  percent  concentrations  of  these  two 
trace  metals  in  this  species  are  the  highest  as  compared  with  the 
other  two  species. 
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TABLL  ]B.  Interspecific  variations  of  mean  trace  element  concentrations  observed 
in  Crassostrea  virginica,  (N=33),  Mercenaria  mercenaria  (N=103)  and 

Pitar  morrhuana  (N=66)  from 
Kay  1976. 

Thames  River, 

Connecticut, 

July  1974  to 

Trace  Element* 

Crassostrea  virginic^ 

Species 

Mercenaria  mercenaria 

Pitar  morrhuana 

Zn 

13449.51  i 4801.90 

215.33  ± 94.43 

385.49  ± 

143.52 

Cu 

754.24  ± 367.71 

23.45  ± 

6.63 

16.20  ± 

4.86 

Ni 

5.52  + 1.55 

8.55  ± 

3.13 

8.06  ± 

2.41 

Cd 

5.02  ± 1.94 

1.43  ± 

0.58 

3.58  ± 

1.19 

Pb 

2.09  ± 1.21 

3.29  ± 

2.60 

31.03  ± 

12.25 

Hg 

0.29  ± 0.07 

0.25  ± 

0.11 

0.19  ± 

0.05 

* expressed  as  mean 

ppm  ± l.S.D. 

Percent 

contributions  of  the  six  trace  nietals 

found  in  the 

shel 1 fish 

Zn 

94.604 

85.347 

86.715 

Cu 

5.305 

9.294 

3.644 

Ni 

0.039 

3.389 

1.813 

Cd 

0.035 

0.567 

0.805 

Pb 

0.015 

1.304 

6.980 

Hg 

0.002 

0.099 

0.043 

100.000 

100.000 

100.000 

E-4  3 


I/'ILL  19. 

« 

InLoreloinent 

Connecticut, 

’ correlations  (r)  in  C<assostrca  virqinica  from  1 
1974-1976.  (N=33). 

liames  Ri  v<.  i , 

Pb 

Zn 

Cd 

Cu 

Hg 

Mean 

S.D. 

Ni  .3644* 

.2175 

-.0959 

.3667* 

-.0019 

5.52 

1.55 

Pb 

.0718 

-.0375 

-.0584 

-.0880 

2.09 

1.20 

Zn 

.7290*** 

.8532*** 

.4517** 

13449.51 

4801.90 

Cd 

.6094*** 

.5563*** 

5.02 

1.94 

Cu 

.5600*** 

754.24 

367.71 

Hg 

— 

0.29 

0.07 

TABLE  20. 

Interelement  correlations  (r)  in  Mercenaria  mercenaria  from  Thames  River, 
Connecticut  1974-1976.  (N=114). 

Pb 

Zn 

Cd 

Cu 

Hg 

Mean 

S.D. 

Ni  .1410 

-.0433 

.0169 

-.3090** 

-.1873* 

8.59 

3.04 

Pb 

.1432 

.1652 

.0743 

-.0575 

3.40 

2.79 

Zn 

.2299* 

.2242* 

.0065 

214.61 

93.92 

Cd 

-.0922 

-.4277*** 

1.43 

0.61 

Cu 

.4749*** 

23.13 

6.91 

Hg 

— 

0.25 

0.11 

TABLE  21. 

Interelement 

Connecticut, 

correlations 

1974-1976. 

(r)  in  Pitar 
(N=68). 

morrhuana 

from  Thames  River, 

Pb 

Zn 

Cd 

Cu 

Hg 

Mean 

S.D. 

Ni  -.0672 

.0652 

-.1137 

.1911 

-.0949 

8.09 

2.38 

Pb 

.6086*** 

-.0267 

.1444 

-.1194 

30.82 

12.17 

Zn 

-.2006 

.1614 

.0267 

357.77 

141.97 

Cd 

-.0712 

.0173 

3.57 

1.18 

Cu 

-.0988 

16.37 

4.98 

Hg 

0.19 

0.05 

•A 


P <0.05;  **,  P <0.01;  ***,  P <0.001. 
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In  the  oysters,  significant  positive  i ntereleitu-nt  correlations 
are  common  among  zinc,  cadmium,  copper  and  mercury,  as  well  as  between 
nickel  and  copper.  Similar  correlations  among  zinc,  cadmium  and 
copper,  as  well  as  between  copper  and  mercury  are  also  observed  in 
M.  mercenaria;  in  addition,  negative  interelement  correlations  are 
noted  between  cadmium  and  mercury,  and  among  nickel,  copper  and 
mercury  in  this  species.  In  P.  inqrrjTuana,  however,  only  one  significant 
interelement  correlation  is  detected,  i.e.,  between  lead  and  zinc; 
this  observation  is  consistent  with  the  fact  that  high  lead  concen- 
trations are  detected  only  in  this  species  of  shellfish. 

CONCLUSIONS 

1.  The  temperature  and  salinity  regime  of  Thames  River  are  typical  of 

a partially  mixed  estuary.  Consequently  stratifications  of  temperature, 
salinity,  and  oxygen  and  chlorophyll  are  most  prominent  in  the  surmier 
and  least  obvious  in  the  winter. 

2.  Effects  of  dredging  on  the  phytoplankton  production  are  probably 
minimal  as  demonstrated  by  the  sediment  elutriate  experiments. 

3.  Two  field  studies  conducted  on  April  9 and  May  14,  1975  suggest 
that  the  effect  of  dredging  on  phytoplankton  production  was  transient 
and  limited  to  within  500  yds  of  the  dredge-barge.  Furthenriore, 

the  concentrations  of  mercury  in  the  area  traversed  by  the  plume, 
were  consistently  lower  than  that  of  the  background. 

4.  Mean  concentrations  of  the  six  trace  metals  in  water  samples  from 
Thames  River  are;  zinc,  11-28  ppb;  nickel,  3-10  ppb;  copper  and  lead, 

1-5  ppb;  cadmium,  less  than  1 ppb;  and  mercury,  4-50  parts  per  trillion. 
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5.  The  concentrations  of  the  six  trace  metals  in  the  water  column 
vary  significantly  with  dates  and  transects.  The  highest  concentra- 
tions of  Ni , Pb,  Cd  and  Hg  were  observed  either  before  or  during  dredging. 
Copper  concentrations  on  the  other  hand,  were  significantly  higher  in 

the  post  dredging  period.  Higher  Ni , Pb  and  Cu  concentrations  are 
most  frequently  associated  with  the  upper  river  water  samples,  while 
Hg  levels  in  the  surface  water  are  significantly  higher  in  the  lower 
river  transects. 

6.  The  concentrations  of  Ni , Cu  and  Pb  are  significantly  influenced 
by  the  tide.  During  the  low  tide,  significant  differences  in  copper 
concentrations  are  noted  in  the  surface  and  bottom  water  samples. 

7.  Mercury  concentrations  are  correlated  with  ambient  water  tempera- 
ture, while  copper  concentrations  are  negatively  correlated  with 

sal inities. 

8.  The  concentrations  of  the  six  trace  metals  and  percent  organic 
carbon  in  the  channel  surficial  sediments  tend  to  increase  in  an 
upriver  direction;  areas  of  high  concentrations  are  generally  associated 
with  foci  of  industrial  activities  along  the  river.  In  comparing  the 
predredging  with  post-dredging  data,  there  is  a noticeable  post- 
dredging reduction  of  zinc  (P  <0.005)  and  copper  (P  -0.05)  concen- 
trations in  the  lower  river  sediment. 

9.  With  the  exception  of  nickel,  the  concentration  of  the  remaining 
trace  metals  is  significantly  correlated  with  percent  organic  carbon 
contents  of  the  sediment,  suggesting  that  the  percent  organic  carbon 
is  a good  predictor  for  Zn,  Pb,  Cu,  Cd  and  Hg  concentrations  in  the 


sediment . 
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10.  Although  tiodrly  dll  the  analysis  of  variance  results  suggest 
that  the  concentrations  of  the  six  trace  metals  in  the  three  species^ 
of  shellfish  sampled  at  different  times  are  statistical 1y  significant, 
it  is  nevertheless,  difficult  to  separate  the  normal  seasonal  variation 
in  trace  metal  body  burden  from  the  change  attributable  to  dredging. 
However,  in  C.  virginica,  with  the  exception  of  Ni,  the  overwhelmingly 
significant  decrease  in  Zn,  Cd,  Cu,  Pb  and  Hg  concentrations  probably 
reflects  the  general  reduction  of  the  trace  metals  in  the  environment, 
particularly  in  the  lower  river.  It  is  more  difficult  to  interpret 
the  M.  mercenaria^  results  (Table  16)  in  which  the  numbe*"  of  trace 
metals  showing  increases  in  their  concentrations  equals  that  of 
decreases.  The  fact  that  copper  and  mercury  consistently  exhibit 
lower  concentrations  in  post  dredging  samples,  may  be  indicative  of 
a cleaner  environment. 
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INTRODUCTION 

Two  important  physical  characteristics  of  marine  dredge  spoil  disposal 
sites  are  the  movement  of  water  ir  he  disposal  area  (the  general  circu- 
lation) ,and  the  optical  properties  of  the  water  mass(es)  occupying  the 
area.  In  general,  disposed  dredge  spoil  will  not  significantly  affect 
the  general  circulation  of  the  disposal  area  provided,  of  course,  that 
the  ratio  of  the  volume  of  the  disposal  area  to  the  volume  of  spoil 
material  remains  large.  However,  the  general  circulation  may  have  very 
significant  effects  upon  the  fate  of  the  disposed  spoil  material  both  at 
the  time  of  disposal  through  direct  transport  of  the  material  arid  through 
a long  time  effect  due  to  erosion  of  the  deposited  spoil.  Optical  properties 
of  the  water  will  be  affected  by  the  disposal  process  through  what  are 
generally  large  increases  in  turbidity  at  the  time  of  disposal,  and  to 
a less  significant  extent,  through  resuspension  or  erosion  of  the  deposited 
material  in  time. 

A two  year  study  was  undertaken  under  a contract  with  the  Sandy  Hook  Labora- 
tory, Northeast  Fisheries  Center,  of  the  National  Marine  Fisheries 
Service  under  the  National  Oceanic  (,  Atmospheric  Administration,  U.S. 
Department  of  Commerce,  to  study  the  general  circulation  of  the  New  London 
Dump  Site  by  Eulerian  and  Lagrangian  techniques  to  determine  the  transport 
of  the  disposed  material.  Light  transmissivity  was  also  measured  at  the 
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Dump  Site  and  the  surrounding  area.  This  report  is  a summary  of  that  study. 

Bohlen  (1975)  has  shown  that  the  concentration  of  suspended  materials  in 
the  eastern  end  of  hong  Island  Sound  is  a complex  function  of  currents, 
river  discharges,  meteorological  effects,  biological  activity,  and 
mor])hology.  The  concentration  of  suspended  material  is  complicated  even 
further  by  the  disposal  of  dredge  spoil  material.  In  general,  the  experi- 
ments performed  in  the  study  of  the  New  London  Dump  Site  Area  were  designed 
with  the  aim  of  acquiring  knowledge  of  the  general  circulation  of  the  area 
and  background  as  well  as  the  anomalous  turbidity  in  the  water  as  a result 
of  active  disposal.  Here,  we  are  using  turbidity  as  a resultant  effect 
of  suspended  materials. 

A map  showing  the  dump  site,  sampling  stations,  and  surrounding  area  is 
shown  in  figure  1.  Actual  sampling  has  been  on  a seasonal  basis. 

Preliminary  studies  of  the  area  have  been  carried  out  by  the  Physical 
Oceanography  Division  of  the  U.S.  Naval  Oceanographic  Office  (NAVOCEANO, 
1973) , and  a concurrent  study  by  Morton  et  at,  (1975)  for  which  only  a 
preliminary  summary  was  available  for  review. 

METHODS  AND  INSTRUMENTATION 

Station  locations  are  shown  in  Figure  1 and  tabulated  in  Table  1.  Actual 
programs  for  station  sampling  varied  and  have  been  described  in  previous 
reports  or  will  be  discussed  in  the  results  to  follow. 


station 
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Table  I . Station  locations  in  the  area  of  the  New  I.ondon  Dump  Site. 


St  at  ion 

Latitude 

Longitude 

(ienter  Buoy 

f 

41 °lb'08" 

72° 05 '00" 

VM 

" 

72°05'40" 

W2 

" 

72°00'20"  1 

W3 

72°07'37"  i 

11 

" 

72°04'20"  ! 

12 

72°03'37" 

1 \.7t 

72°02'17" 

i SI 

41°!. S'. 38" 

72°05'00" 

1 M 

41° 10' 38" 

It 

N2 

41° 17 '08" 

1 

1 N3 

41°18'08" 

II 

\K1 

41°17'14" 

72°00'08" 

\i  1 

41° 10 ’50" 

72°04°04" 

\ertical  temperature  profiles  were  obtained  using  bathythermographs  and 
m some  cases  Beckman  Instrument  KS-5  Temperature-Conductivity  Probes.  In 
either  case,  surface  temperatures  were  measured  with  standard  mercury 
thermometers  for  reference. 

Salinities  were  obtained  from  drawn  water  samples  and  analyzed  by  the  New 
York  Ocean  Science  Laboratory  Chemical  Oceanography  group,  or,  in  some 
cases,  obtained  through  in  situ  conductivity  measurements  using  the 
Beckman  Instrument  RS-5  Temperature-Conductivity  I’robe. 

The  current  meters  used  in  this  study  were  Ceneral  Oceanics  Model  2010 
film  recording  meters.  A 3 meter  subsurface  array  was  generally  implanted 
close  to  the  Center  Buoy  of  the  dump  site  (ligure  1),  and  on  occasion, 
single  bottom  meters  surrounding  a spoil  mound  or  at  other  stations.  The 
film  from  the  meters  was  processed  in  the  laboratory's  photo-lab  and 
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read  frame  t)\-  frame  using  a standard  micro-film  reader,  recording  date, 
time,  direction,  and  speed  from  each  frame.  These  data  were  then  processed 
in  a computer  jirogram  whose  out]nit  includes  the  average  speed  over  15 
minute  intervals  along  with  the  average  north-south  (v)  and  east -west  (u) 
components  of  the  current.  At  the  end  of  each  half-tidal  cycle  in  the  data, 
the  program  output  then  includes  the  average  u and  v components  over  the 
half-tidal  cycle,  the  resultant  speed  (.R)  , direction  (0),  the  effective 
distance  traveled  (D) , and  Reynolds  stresses. 

The  15-minutc  average  serves  as  a very  effective  low-pass  filter  thus  re- 
ducing the  effects  of  surface  waves  in  the  current  data. 

Beam  transmittance  measurements  were  obtained  with  a HYDRO-Products  Trans- 
missometer  equipped  with  a depth  sensor.  Normally,  the  transmissometer  is 
nulled  or  standardized  in  air  at  a setting  of  92°«  that  allows  for  re- 
flection, approximately  4%  (HYDRO-Products,  personal  communication), 
that  takes  place  at  the  two  glass/air  interfaces  of  the  transmissometer 
system.  When  the  transmissometer  is  then  operated  in  water,  the  reflective 
losses  at  the  glass/water  interfaces  are  much  less  than  they  were  at  the 
glass/air  interfaces  by  approximately  an  order  of  magnitude,  hence,  it  is 
possible  for  the  transmissometer  to  show  higher  values  of  transmissivity 
in  clear  water  than  the  null  position  of  92°<.  in  air.  Tor  an  estimated  error 
in  transmissivity  of  1°6,  the  relative  error  in  the  beam  attenuation  coefficient 
is  10°o  at  yO'6  transmissivity. 
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The  following  Jcfinitions  are  for  the  terms  and  coefficients  used  in 
this  report.  Other  terms  used  in  |)revious  reports  are  not  necessarily 
covered  herein,  except  as  they  ap]iear  in  this  report. 

a.  Currents: 

u:  The  fast/West  velocity  component  in  cm/sec. 

v:  The  North/South  velocity  component  in  cm/sec. 

NOTI;:The  above  velocity  components  are  readily  computed  from  measured 
current  speed,  R,  and  direction  relative  to  geographic  north,  0,  by 
u = R cos  a 
V = R sin  u 

where 

u = <.)0°  - 0 for  0°  ^ 0 < ;)()° 
or  a = 450°  - 0 for  i)0°  < 0 < 5b()° . 

b.  Beam  Attenuation  Coefficient  g:  i'he  sum  of  the  absorjition  coefficient 

and  total  scattering  coefficient  and  calculated  from 
3 ^ -d/b)  In  (To/ 1001 

where  T is  the  beam  transmittance  in  percent  and  measured  with  the  trans- 
missometer  and  1.  is  the  path  length  in  meters  so  that  the  units  of  3 are 


per  meter. 
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1 . I’enij^cratiire  and  salinity 

Results  from  individual  cruises  have  been  presented  in  previously  sub- 
mitted reports  so  that  this  report  represents  a general  summary  of  past 
results,  including  the  observations  from  the  last  cruise  (8  and  9 dune 
197b)  that  were  not  covered  in  a previous  report.  Individual  cruise 
temperature  and  salinity  data  for  surface  and  bottom  have  been  averaged 

by  month  for  the  various  stations  and  are  shown  in  Tables  2a  and  b. 

respectively. 

In  general , the  stations  are  out  of  the  direct  influence  of  the  Thames 
River;  the  possible  exception  is  Station  N3  at  the  mouth  of  the  harbor 
(Fig.  1)  where  occasional  excursions  of  less  saline  and  often  warmer 
waters  from  the  river  have  been  observed.  linsemble  averages  were  there- 
fore calculated  and  appear  in  the  last  column  in  Table  2a  and  b.  For 

comparison,  the  ensemble  data  are  plotted  against  similar  data  from 

the  National  Ocean  Survey  Tide  Gage  Station  (NOS  Publ . No.  31-1,  1972) 
on  Plum  Island  (approximately  10  miles  south  and  west  of  New  London  Harbor) 
in  Figure  2.  As  can  be  seen  in  this  figure,  the  results  from  the  New  London 
l>ump  Site  Area  fall  within  the  ranges  specified  l>y  the  vertical  bars  re- 
presenting the  averaged  maximum  and  minimum  values  for  Plum  Island. 

The  annual  range  in  salinity  is  small,  generally  less  that  i°/oo  except 
at  Station  N3  at  the  mouth  of  the  harbor  where  the  range  was  close  to  10°/oo- 
Temperatures  for  the  area  range  between  0 and  20  degrees  Celsius  during 
the  year. 


Monthly  mean 
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Figure  2:  Monthly  average  temperatures  and  salinities  relative  to  1S°C  as 
calculated  from  National  Ocean  Survey  Tide  Gage  Station  Data  for 
Plum  Island,  N.Y.  (NOS  Publ . No.  31-1,  1972),  with  the  mean 
monthly  maximum  and  minimum  values  and  the  ensemble  average 
temperatures  and  salinities  from  the  New  London  Dump  Site  Area. 
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I Vertical  variations  in  both  salinity  and  temperature  are  also  small; 

’ temperature  gradients  were  approximately  2°C  and  salinity  gradients 

; were  approximately  i°/oo  except  at  N3  where  gradients  of  5°(,'  and 

i ld°/oo  were  observed. 

! 

I 

j In  summary,  the  results  obtained  in  the  New  London  Dump  Site  Area  are 

f 

j within  expected  temperature  and  salinity  limits  when  compared  to  historical 

^ data  from  National  Ocean  Survey  and  when  compared  to  a 3 year  data  base 

for  Lastern  Long  Island  and  Block  Island  Sounds  (Hollman,  1976). 

2 . Transmissivity 

Individual  cruise  results  for  the  attenuation  coefficient,  B,  were 
ensemble  averaged  (spatially  composited)  and  used  to  calculate  monthly 
averages  representative  of  the  entire  dump  site  area.  The  data  include 
all  pre-dump  and  post-dump  results  but  do  not  include  results  obtained 
during  and  immediately  after  a dump.  In  effect,  the  data  are  "background" 
and  are  tabulated  in  Table  3,  and  plotted  by  month  in  Figure  3,  As 
shown  in  the  figure,  maximum  3 values  and  hence  minimum  background 
transmissivity,  occurs  in  summer  and  minimum  3,  hence  maximum  transmissi- 
vity during  winter  months.  As  is  also  evident  from  the  table  and  figure, 

3 increases  with  depth,  that  is,  in  the  average,  transmissivity  is  lower 
in  the  bottom  layer  than  in  the  surface  layer.  The  annual  range  of  3 is 
1.45m-l  at  the  surface,  1.53m“^  at  mid-depth,  and  0.94m-l  at  the 


t 


Sr 


■J 


bottom. 
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TaMc_3.  Average  monthly  beam  attenuation  coefficients  calculated 
from  ensemble  averages.  New  London  Dumji  Site  area. 


3( 

m'-*)  1 

Month 

Surface 

Mid-depth 

Bottom 

reb. 

0.78 



1.03 

1.30 

Mar. 

0.41 

^ . . 

0.41 

1.28 

.Jun . 

1.14 

1.14 

1.19 

> .Jul. 

1.46 



1.84 

^ . 

2.06  j 

Aug. 

1.17 

' 

1.45 

! 

1.80 

! Sep. 

1.86 

1.94 

1.95 

i 

i Oct . 

1.20 

1.18 

1.22 

; 

Dec . 

1.01 

1.04 

1.12 

Avg. 

1.13 

1.25 

1.49 

Surface:  Im 

Mid-depth:  9.7m 

Bottom  18.7m 


The  transmissometer  was  also  towed  through  the  area  while  continuously 
recording  to  obtain  estimates  of  spatial  variability  (see  Quarterly 
Report  for  .July  through  September,  1975) . These  tows  were  made  along 
the  [;ast/West  and  North/South  transects  (Fig.l).  Average  results  are 
tabulated  in  Table  4,  There  was  no  indication  in  the  Last/West  distribution 
of  3 values  that  there  was  a concentration  of  spoil  material  by  Center 
Buoy  station.  The  distributions  were  either  very  irregular  within  the 
limits  indicated  in  Table  4,  or,  in  one  case,  showed  a very  slight  tendency 
to  decrease  in  the  upstream  direction  away  from  the  Center  Buoy  station. 
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Figure  3:  Mean  monthly  beam  attenuation  calculated  from  ensemble  averages 

for  surface,  mid-depth,  and  bottom  layers.  New  London  Dump  Site  Area. 
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I'or  the  North/South  tows,  the  tendency  was  for  B to  decrease  (clearer 
water)  toward  the  south  and  Station  Center  Buoy.  Again,  the  average 
values  for  B in  I'able  4 are  in  keeping  with  the  annual  trend  with 
highest  values  occurring  in  August  and  decreasing  toward  winter.  No 
significant  difference  can  be  found  between  the  liast/West  and  North/South 
tows.  The  highest  coefficient  of  variation  (standard  deviation  divided 
by  the  mean)  is  l.^°6  during  August  on  the  hast/West  transect.  The  average 
range  for  these  spatial  variations  was  0.43m"^,  with  a maximum  value 
of  0.89m'^  at  the  liast/West  transect  in  August  and  a minimum  of  0.13m"^ 
on  the  North/South  transect  in  April. 

Table  4.  Average  beam  attenuation  coefficient,  B,  with  standard  deviation 
and  range  calculated  from  continuous  measurements  made  while 
towing  the  transmissometer  along  I'.ast/West  and  North/South 
transects . 


Time 

— 

IBuilMi 

liast/West 

North/South 

B(m"^) 

S.D.* 

B(m"-^) 

S.D. 

7.8m 

1 .43 

0.19 

0.89 

1 .43 

0.12 

0.42 

5.5m 

0.98 

0.11 

0.41 

0.85 

0.04 

0.13 

Jun  1976 

6.4m 

1.26 

0.08 

- 

0.52 

mm 

0.23  ! 

*S.D.:  Standard  Deviation;  **Range:  Maximum  value  observed  minus  minimum  value. 

A number  of  experiments  were  performed  during  dumping  operations  before 
their  cessation  July  1975.  One  such  experiment  was  to  anchor  a vessel 
downstream  of  the  dump  site  and  monitor  the  turbidity  cloud  with  the 
transmissometer  as  the  cloud  passed  the  anchored  vessel.  The  results  from 
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these  experiments  arc  tabulated  in  Table  5.  The  elapsed  times  required 
for  the  site  to  return  to  background  were  approximately  48  minutes  for 
the  downstream  cases,  and  29  minutes  for  the  upstream  case.  In  all  ex- 
periments, there  were  at  least  2 distinct  clouds  that  passed  the  stations 
(see  Figure  4);  in  the  upstream  example,  there  were  3.  These  clouds  of 
material  are  approximately  10  minutes  apart;  the  second  cloud  appears  to 
be  longer  in  duration  than  the  initial  one.  Gordon  (1974)  showed  similar 
features  for  disposal  experiments  in  western  Long  Islaid  Sound.  In  all 
cases,  the  range  in  B was  from  infinite  values  to  approximately  1 as 
background.  In  Figure  4,  the  ordinate  for  the  .July  9th  experiment  is  not 
transmissivity , T";.,  but  t(o)  which  was  the  observed  transmissivity  normalized 
to  background  values.  The  transmissometer  developed  a weak  power  supply 
(but  stable  over  the  time  period),  so  that  the  absolute  transmissivity 
values  were  unreliable.  However,  the  normalized  or  relative  values  are  use- 
ful for  studying  the  distribution  of  the  turbidity  cloud  in  time. 


Table  5.  Flapscd  time  required  for  the  dump  site  area  to  return  to  back- 
ground transmissivity  values  following  a barge  release. 


bate 

Height  off 
Bottom 

Distance  from 
Barge 

Flapscd 

Time 

Mean 

Current 

Im 

100m  downstream 

49  min 

22  cm/sec,  L'bb 

2.2m 

50m  downstream 

29  min 

24  cm/sec.  Ebb 

9 .Jul  1975 

Im 

80m  downstream 

48  min 

41  cm/sec.  Ebb 

Vertical  transmissometer  profiles  were  made  while  tracking  drogues  planted 
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in  the  wake  of  a discharging  barge.  The  results  of  an  extreme  case  arc 
tabulated  in  Table  b.  Other  experiments  did  not  pick  uj)  a detectable  cloud, 
or  |ilume,  relative  to  background  in  either  the  surface  or  bottom  layer 
within  5 to  10  minutes  of  the  barge  release;  in  these  cases  the  tide  was 
ebbing  near  maximum  strength.  In  the  extreme  case  shown  in  Table  0,  the 
current  was  almost  slack,  the  mean  velocity  was  9.3  cm/sec  over  the  65 
minute  time  span  calculated  from  the  current  meter  data.  The  total  distance 
that  the  drogue  traveled  was  only  550  meters  based  on  fixes  obtained  by 
visual  bearings.  In  the  previous  case  (Table  5)  under  mean  flow  conditions, 
the  time  required  for  the  area  to  return  to  background  was  approximately 
48  minutes;  in  this  case,  staying  with  the  plume  under  near  slack  flow, 
the  time  required  to  return  to  background  was  65  minutes.  In  the  experi- 
ments carried  out  near  maximum  flow  conditions,  the  plume  as  identified 
by  transmissivity  values  virtually  disappeared  within  10  to  15  minutes 
of  the  release. 


Table  6.  h lapsed  time  required  for  a plume  to  return  to  background  as 
measured  by  tracking  a bottom  drogue  planted  in  the  wake  of 
a discharging  barge  at  the  New  London  Dump  Site. 


Date 

1— 

1 Distance 

t lapsed  Time  j 

Mean 

Current 

11  Sep  1975  j 

Bottom  ! 

1 

1 

1 

65  min 

9.3  cm/ sec,  Lbb 

Continuous  transmissometer  measurements  were  made  over  a period  of  1-1/2 
hours,  Im  off  the  bottom,  approximately  230m  downstream  of  a spoil  mound 
on  .July  17,  1975.  During  the  sampling  period,  bottom  turbidity  values  in- 
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creased  from  78°o  at  the  start  to  82°<i  near  the  mid-point  of  the  period  (close 
to  the  time  of  maximum  ebb  at  i'he  Race.)  and  decreased  again  to  8()"o  at  the 
end  of  the  observation  period.  The  average  of  all  values  was  80.1°6  (3=2.22m"^J 
with  a standard  deviation  of  1%  (0.12m"^  for  3i . Upstream  (228mJ  transmissometer 
measurements  were  obtained  within  29  minutes  of  the  last  downstream  bottom 
reading.  Ihe  results  of  the  last  vertical  profile  downstream  and  the  up- 
stream station  are  tabulated  in  Table  7.  For  comparison,  the  maximum  ob- 
served variation  in  3 over  29  minute  periods  was  at  most  5%,  in  fact,  the 
coefficient  of  variation  (ratio  of  standard  deviation  to  the  mean)  was  5.4°* 
for  the  entire  1-1/2  hour  recording  period.  The  maximum  observed  bottom  flow 
as  measured  on  top  of  the  spoil  mound  was  approximately  1 knot,  and  occurred 
shortly  before  the  transmissometer  recording  began;  maximum  observed  flow 
during  the  period  of  the  experiment  was  41  cm/sec  at  the  beginning;  the 
mean  speed  was  .5.5  cm/sec. 

I able  7.  Transmissivity  (T°6)  and  attenuation  coefficient  (3)  taken 

approximately  228m  upstream  and  downstream  of  a spoil  mound. 

New  London  Dump  .Site,  17  duly  1975.  The  transmissometer 
path  length  was  O.lm. 
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This  oxperiment  of  Tuly  17th  was  followed  by  another  scouring  study  on  23 
October  where  two  stations,  one  28()in  downstream  of  a spoil  mound  and  the 
other  240m  ujistream,  were  sampled  alternately  over  the  period  of  maximum 
flood  in  the  morning  and  again  during  the  ebh  cycle  in  the  afternoon.  The 
results  are  tabulated  in  fables  8a  and  b,  respectively.  As  can  be  seen  in 
the  table,  bottom  transmissivity  values  increased  downstream  (West  station 
during  floodj  by  .S°<, ; relative  increases  in  (5  ranged  from  8%  to  15°o.  During 
the  ebb,  bottom  transmissivity  again  increased  by  in  the  downstream  direc- 
tion (Last  station  during  ebb)  with  a relative  increase  in  B of  12-6. 

Average  downstream  transmissivities  (West  station)  during  the  flood  tide 
were  28"o  and  2h“6  (using  a 1 meter  path  length)  over  two  separate  5 minute 
continuous  sampling  jieriods.  The  mean  range  was  b".  These  average  percentages 
' yield  values  for  B of  1.27m~*  and  1.35m'*  respectively.  At  the  downstream 

station  (eastern)  the  two  5 minute  averages  were  30  and  31"o  with  a mean 
range  of  4"»,  corresponding  values  for  B were  1.20m-*  and  1.17m'*  respectively. 
Similarly,  during  the  ebb  cycle  later  in  the  day,  the  downstream  average 
was  32°u  (B  = 1.14m'*)  with  a maximum  range  of  4u  (Last  station  during  ebb) 
and  the  upstream  average  was  35°o  (B  = 1.05m'*)  with  a range  of  only  l°o. 

In  all  5 minute  sampling  periods,  the  transmissometer  was  approximately  1 
meter  off  the  bottom.  The  average  flow  during  the  flood  sampling  period 
(0930  to  1011)  was  approximately  17  cm/sec  and  approximately  40  cm/sec 
during  the  ebb  in  the  afternoon. 
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Table  8a.  Percent  beam  transmittance  (T)  for  1 meter  path  length  and  attenuation  coefficient  (B)  as  a 

function  of  depth  for  the  positions  240m  west  and  280m  east  of  the  spoil  mound,  25  October  1975, 
during  flood  tide. 


;i.  Lulcrian  Current  Measurements 


Most  observations  of  the  currents  in  the  New  l.ondon  Dump  Site  have  been 
made  from  3 meter  sub-surface  arrays  moored  close  to  the  Center  Buoy  (Fig. 
1).  Kiese  results  have  been  presented  graphically  as  liast/West  (u)  and 
Nortli/South  (v)  components  of  the  flow  averaged  over  15  minutes  in  past 
quarterly  reports. 


December  11,  1974. 

In  order  to  standardize  the  results,  interpolations  in  time  of  the  hast/West 
and  North/South  velocity  components  were  made  for  the  respective  values  at 
the  time  of  high  water  at  New  London  and  at  -0  hours  to  +6  hours  around 
this  time,  i'he  time  of  high  water  was  obtained  from  the  "i'ide  Tables,  High 
(i  Low  Water  Predictions,  F.ast  Coast  of  North  and  South  /\mcrica"  published 
by  the  U.S.  Department  of  Commerce,  National  Ocean  Survey/NOM  for  the  years 
1974  through  1976.  These  hourly  velocity  components  relative  to  the  time 
of  high  water  (LST)  at  New  London  were  then  time  averaged  and  in  effect 
filtered  seasonal  differences,  diurnal  inequalities,  and  wind  effects.  The 
result  is  an  estimate  of  the  average  half-lunar  day  currents  at  the  dump 
site.  I'hese  averages  are  tabulated  in  Table  9,  and  shown  in  Figure  5 for 
surface  (4mJ , mid-depth  (10m),  and  bottom  flow  (17m). 


r> 
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I able  i).  Average  hourly  liast/West  (uj  and  North/South  (vjvclocities 
relative  to  the  time  of  High  Water  at  New  1-ondon. 
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1 " ■ 

12.6 
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26.6  -28.4  13.4 
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i 
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0.6 
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i 
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7.8 
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-16.5  13.6  -3.1 
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! +2  hours 

18.6 

-21.3  34.7 

-24.8  31.2  -10.7 

48.1 

-15.2  54.8 

-18.6  38.1  -10.0 

+ 4 " 

64.1 

1.6  59.5 

-1.1  36.2  -6.7 

+ 5 " 

56 . 6 

-5.1  55.4 

2.7  31.0  2.6 

1 

+ 6 " 

37.8 

-9.8  43.7 

-1.2  24.5 

3.5 

1 Average 

17.7 

-5.6  17.4 

-0.3  7.8 

2.1 

As  can  be  noted  in  figure  5,  the  v-componcnt  of  the  velocity  changes 
direction  (sign)  from  south  to  north  (positive)  at  hour  4 during  the  ebb 
cycle.  This  feature  is  detectable  in  nearly  all  of  the  current  meter 
observations,  in  some  cases  more  dramatically  so  than  in  others.  I his 
means  that  4 hours  after  the  time  of  high  water  at  New  London,  the  ebb 
flow  changes  direction  from  the  southeast  quadrant  to  the  northeast 
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Highwater,  II,  at  New  London  for  the  surface  (4m),  mid-depth  (10m), 
and  bottom  (17m).  The  F-ast/West  component  is  u and  the  North/South 
component  is 
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ijuadrant . In  the  bottom  layer,  this  change  in  direction  occurs  at  hour  5. 
I'rom  these  averages,  the  time  of  slack  water  and  ebb  flow  begins,  is 
close  to  the  time  of  high  water,  II;  slack,  flood  begins  is  approximately  4 
hours  earlier  than  high  water  (-4  hours)  at  the  surface  and  mid-depth, 
and  S hours  earlier  at  the  bottom.  The  duration  of  the  flood  is  also 
greater  by  approximately  1 hour  in  the  bottom  layer.  Maximum  flood 
velocities  occur  approximately  3 hours  earlier  than  high  water  at  the 
bottom,  and  2 hours  earlier  at  the  surface  and  mid-depth.  Maximum  ebb 
occurs  4 hours  after  high  water  at  both  the  surface  and  mid-depth  and 
3 hours  after  at  the  bottom. 

The  average  velocity  components  in  Table  9 have  also  been  plotted 
as  hourly  vectors  from  a common  origin  as  shown  in  Figure  6.  Resultant 
vectors  for  each  depth  appear  directly  beneath  their  corresponding  12 
hourly  vectors.  North  is  parallel  to  the  border  toward  the  top  of  the 
page.  Note  the  short  duration  of  the  flood  cycle;  for  the  surface,  the 
flood  flow  involves  only  hours  -3  to  -1,  and  -4  to  -1  at  mid-depth  and 
bottom.  The  magnitude  of  the  flood  is  also  greater  at  mid-depth  and 
bottom  than  at  the  surface.  The  resultant  flow,  that  is,  the  net  flow, 
is  SF  for  the  surface,  H at  mid-depth,  and  NF  at  the  bottom;  a cyclonic 
rotation  with  depth. 

Maximum  speeds  based  on  15  min  averages  have  been  tabulated  in  Table  10. 

It  can  be  seen  that  the  highest  speeds  occur  during  the  ebb  in  the 
surface  layer  as  would  be  expected;  the  values  range  from  a maximum 


Figure  6:  Polar  diagram  of  average  hourly  velocities  relative  to  the  time  of 
High  water,  H,  at  New  London.  Geographic  or  true  North  is  parallel 


to  the  border  and  toward  the  top  of  the  figure.  The  resultant  vector 
flow  for  each  layer  is  directly  beneath  the  respective  polar  diagram. 
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Table  10.  Maximum  observed  velocities  over  IS  minute  averages  in 
cm/ sec ■ 1 . 
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Mid-depth 
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40.2 

33.5 

* * 


Incomplete  tidal  cycle  - not  representing  maximiun  tidal  flow 
Average  of  3 bottom  mounted  meters  in  dump  site 


C-27 


of  100  cm/scc  to  a minimum  of  41.5  cm/scc.  It  should  be  borne  in  mind 
that  tidal  currents  in  The  Race  can  vary  as  much  as  48"o  in  one  month 
due  to  spring  and  neap  tides,  and  as  much  as  57°o  over  the  period  of 
a year.  Therefore,  the  relative  range  of  58.5°o  is  not  out  of  line 
considering  also  the  added  influence  of  winds,  i'he  range  for  the 
flood  in  the  surface  layer  ranges  from  a maximum  of  52.3  cm/sec  to 
a minimum  of  10.3  cm/sec,  although  the  latter  was  not  part  of  a com- 
plete flood  cycle.  Lowest  speeds  were  encountered  in  the  bottom  layer, 
also  as  would  be  expected.  In  this  layer,  the  difference  between  flood 
and  ebb  speeds  are  much  less  as  compared  to  the  differences  observed 
in  the  surface  and  there  are  a few  instances  where  the  maximum  flood 
speed  was  greater  than  the  corresponding  maximum  ebb  speed.  The 
average  flood  sj^ecd  in  the  bottom  layer  was  40.9  cm/sec,  and  the 
average  ebb  speed  was  47.0  cm/sec.  lor  comparison,  the  average  dif- 
ference between  corresponding  maximum  flood  and  ebb  speeds  was  34.3 
cm/sec  in  the  surface  layer,  but  only  3.5  cm/sec  in  the  bottom  layer, 
almost  an  order  of  magnitude  smaller. 

b . Lagrangian  Current  Measurements 

lour  Lagrangian  current  measurements  were  attempted  using  current 
crosses  with  a cross  sectional  area  of  l.fa72m^  (18  ft^)  as  drogues  planted 
in  the  surface  and  bottom  layer.  The  purpose  was  to  find  the  path  of  a 
hyi>othetical  volume  of  water  and  its  terminus  at  the  end  of  the  tidal  cycle 
Results  of  these  4 experiments  are  shown  in  Table  11.  The  first  column  show 


Table  11.  Progue  tracking  results  based  on  launches  of  surface  and  bottom  drogues  at  the  Center  Buoy, 
New  London  Pump  Site.  Average  speed  is  defined  as  the  ratio  of  the  total  distance  traveled 
to  the  duration. 
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the  approximate  stajte  of'  the  tide  relative  to  the  dumii  site  area  during 
which  the  drogues  were  launched;  the  second  column  gives  the  date  of  the 
experiments  (largely  confined  to  the  w;irmer  months  because  the  drogues 
were  tracked  by  small  outboard  motor  boats),  the  time  of  launching  relative 
to  bST  (75th  Meridian  Time)  in  the  5rd  column,  and  the  time  relative  to 
the  nearest  time  of  high  water  at  New  London  in  the  4th  column,  followed  by 
the  duration  of  each  tracking  exi)eriment , the  average  speed  calculated 
from  the  ratio  of  the  total  distance  traveled  to  the  duration,  and  the 
terminus  or  end  point  of  the  experiment.  Hand-held  bearing  compasses  were 
used  to  obtain  visual  bearings  of  nearby  objects  as  the  means  of  navigation 
cont  rol . 

Plots  of  the  drogue  tracks  are  showai  in  ligures  7 through  10.  The  longest 
distances  traveled  and  the  highest  average  speeds  were  by  the  drogues  launched 
during  the  beginning  of  the  flood  (5  August  1074)  and  the  Iieginning  of  the 
ebb  (22  duly  1075).  lharing  the  flood,  the  drogues  accelerated  rapidly, 
particularly  near  Bartlett  Reef.  Similarly,  during  the  ebb,  the  drogues 
accelerated  rapidly  when  near  The  Race.  In  either  case,  maximum  speeds  were 
encountered  when  out  of  the  dumj)  site  area.  Drogues  launched  during  the 
period  of  maximum  flow  remained  in  the  general  dump  site  area  experiencing 
low  speeds  and  consequently  shorter  distances  traveled.  It  is  interesting 
to  note  (Fig.  9 and  10)  that  the  surface  drogues  launched  at  maximum  flood 
and  ebb  ended  within  2 kilometers  of  the  same  position.  The  difference  in 
total  travel  time  between  the  2 drogues  was  only  1/2  hour;  the  winds  during 
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Figure  9:  Displacement  diagrams  for  surface  and  bottom  drogues  launched  at  the 
New  London  Dump  Site  close  to  the  time  of  maximum  ebb,  lb  Sept.  1975 
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I'igure  10:  Displacement  diagrams  for  surface  and  bottom  drogues  launched  at  the 
New  London  Dump  Site  close  to  the  time  of  maximum  flood,  8 Oct.  1975. 
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the  Sojit . K'th  oxporimont  were  i'rom  the  southeast  at  5 to  JO  mph,  whereas 
on  Oct.  8th  they  were  west -northwest  at  10  to  1 .S  mph. 

Iwo  drogue  e.vperiments  (11  Sept.  1074  and  (i  Mar.  1975)  were  also  performed 
in  the  wake  of  a discharging  barge.  Drogue  dejiths  were  2m  (surface)  and 
15m  (bottom).  Results  from  the  water  quality  measurements  are  covered 
elsewhere.  Tlie  average  sjieed  of  the  surface  drogue  during  the  Sejit . 11th 
experiment  was  14.0  cm/sec;  for  the  bottom  drogue,  the  average  speed  was 
only  9.0  cm/sec.  Both  drogues  remained  in  the  dump  site  area;  the  total 
distance  traveled  by  the  bottom  drogue  was  550m  and  420m  by  the  surface 
drogue.  In  the  second  experiment  on  Mar.  0th,  the  average  speeds  were 
57. .5  cm/sec  and  1.5. .5  cm/sec  for  surface  and  bottom  drogues  res]iectively. 
bven  with  these  higher  sjieeds,  the  drogues  remained  in  the  dump  site 
area  over  the  sampling  period. 

1 he  results  from  surface  and  bottom  drifter  releases  at  the  Center  Buoy 
are  shown  in  Figures  11  and  12.  I'he  total  number  of  surface  drifters 
launched  was  93  and  as  seen  in  the  insert  table  in  Figure  11,  the  total 
number  of  returns  was  18,  or  19°u.  Only  1 drifter  was  found  to  the  west 
of  the  dump  site  in  hong  Island  Sound  (area  NW) . l-or  the  bottom  drifters, 
a total  of  89  were  launched  and  50  returned  as  of  .June  30,  197(>,  or  5b"<. 
recovery.  As  seen  in  Figure  12,  the  major  jiart  of  tlie  returns  were  from 
the  Connecticut  shore  to  the  west  of  the  dump  site  area  (35  drifters)  as 
com[)ared  to  15  from  the  shores  of  l.ong  Island.  That  is,  of  the  returns. 


Figure  11:  Location  map  of  surface  drift  card  returns.  Insert  table  reflects  the  statistics  of  recovery  as 
of  June  30th,  1976.  Total  surface  drifters  launched  was  93,  or  a 19"  recovery  rate. 


TO^o  were  from  the  north  side  of  I.ong  Island  Sound  (Connecticut  shorej 
a;jd  30o  from  the  south  side  of  the  Sound  (Long  Island  shorej.  No  bottom 
returns  were  from  outside  of  Long  Island  Sound. 

1 . I'ransport  Calculations 

Water  quality  parameters,  particularly  temiicraturc , salinity,  and  suspended 
solids,  were  obtained  in  a quasi -svaiopt ic  fashion  at  the  4 corner  stations, 
N1  , I.l  , SI,  and  Wl  , and  at  the  (Center  Buoy,  CB  (see  Figure  1),  with  the 
purjiose  of  estimating  the  transport  of  these  properties  through  the  dump 
site,  i'he  experiment  was  performed  during  an  ebb  tidal  cycle  on  December 
4,  1975,  and  repeated  during  the  flood  cycle  on  December  5.  The  sampling 
routine  during  the  ebb  tidal  cycle  was  SI,  CB  and  Nl;  then,  LI,.  CB,  and  Wl  . 
This  sequence  was  then  rej^eated.  On  the  following  day  during  a flood  tidal 
cycle,  the  sampling  sc((uence  was  Nl,  (!B,  and  SI;  then,  WT  , CB,  and  LI.  This 
seciuence  was  also  repeated. 

The  data  thus  obtained  were  then  interpolated  in  time  to  correspond  to 
concomittant  current  meter  data  at  hourly  (lunar)  increments.  Interpola- 
tions in  the  vertical  direction  were  made  from  these  temporal  values 
that  corresponded  to  depth  for  which  the  volume  (water)  transport  was 
calculated;  the  product  of  the  concentration  of  the  water  quality  parameter 
and  the  volume  transport  yields  the  mass  transport  as  defined  here.  The 
volume  transport  was  calculated  from  the  product  of  the  area  on  a transect 
between  isotachs  per  unit  width.  That  is,  isotachs  were  plotted  for  each 
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transect  by  lunar  hour,  and  the  area  between  isotaebs  determined  by 
numerical  integration;  the  mean  velocity  of  the  2 isotachs  was  used 
in  the  product. 

1 he  results  of  these  computations  arc  tabulated  in  Table  12a.  Negative 
values  on  the  bast/West  transect  define  a transport  to  the  west  while 
negative  values  on  the  North/.South  transect  refer  to  transport  to  the 
south.  A zero  means  the  value  was  below  t 0.5.  Highest  transport  values 
occur  during  the  ebb  tidal  cycle  where  highest  velocities  and  largest  dura- 
tions are  obtained.  Transport  is  to  the  south  at  the  beginning  of  the  ebb 
cycle,  is  north  during  lunar  hour  4 (1.535)  and  changes  to  the  south 
again  during  the  last  stage  of  the  ebb  cycle  at  1457  (hour  5). 

A similar  experiment  was  performed  on  10  I'ebruary  197b.  The  results  from 
this  cruise  are  tabulated  in  fable  12b.  This  experiment  was  terminated 
before  the  last  station  was  made  due  to  the  onset  of  extreme  weather  con- 
ditions. Values  are  slightly  lower  in  comparison  to  the  December  data  and 
reflect  in  part  the  lower  salinities  and  temperatures  for  that  time  of 
the  year  (winter) . 

DLSCUSSION 

fhe  long-term  effect  of  disposing  of  dredge  spoil  material  was  not  expected 
to  significantly  alter  existing  temperature  distributions  cither  spatially 
or  temporally,  but  may  affect  short-term  salinity  distributions  in  the 
immediate  area  of  the  dum|)ing  due  to  the  definition  of  "salinity."  Never- 
theless, one  would  not  look  to  salinity,  or  lemperature  as  indicators  of 
possible  changes  in  a disposal  area. 


Heat  Transport  x 10-^  in  cal/sec 
Suspended  Solids  Transport  in  mg/sec 
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Temperature  measurements  made  through  the  year  show  no  unusual  deviation 
from  historical  data  acquired  at  Plum  Island  a few  miles  south.  In  fact, 
the  annual  average  temperature  for  the  surface  waters  at  the  dumj)  site 
found  by  averaging  the  values  in  the  last  column  of  Table  2a  was  12.()°C, 
in  agreement  with  the  annual  average  reported  by  Garvine  (1974)  for 
eastern  bong  Island  Sound.  The  corresponding  average  annual  surface  salinity 
was  29°/oo  as  compared  to  the  value  of  28°/oo  reported  by  Garvine.  The 
difference  can  be  attributed  to  the  proximity  of  the  .\'ew  London  Dump  Site 
to  The  Race  and  the  higher  salinity  waters  of  Block  Island  Sound. 

Of  a more  practical  concern,  however,  is  the  resulting  stability  of  the 
water  column  which  is  a function  of  temperature  and  salinity.  A very 
simple  estimate  of  the  vertical  stability,  b , for  shallow  waters  can  be  calcu- 
lated from  the  vertical  gradient  of  0^-  (Sverdrup,  Johnson,  and  Tleming,  1942, 
pg.  417),  i.e., 

l'.(10'^)  = (Aa^/AZ)  X l()-5 

whore  Ao^;  is  the  difference  between  the  surface  and  bottom  values  of 
and  AZ  is  the  depth  in  meters  and  taken  as  17m  for  an  average.  Positive 
values  of  H signify  a stable  water  column  with  less  dense  water  overlying 
denser  water  whereas  negative  values  indicate  an  unstable  density  strati- 
fication. Table  l.T  shows  the  results  of  applying  the  approximation  above 
to  the  data  in  Tables  2a  and  b.  As  seen  in  the  table,  all  values  are 
positive,  indicating  stability,  albeit  weak,  in  comparison  to  very  stable 
values  in  the  New  York  Bight  (llollman  li  Meguire,  1973)  where  an  average 
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value  for  Scjitcmhcr  was  200  for  example.  In  the  hij>ht  area,  however,  the 
stability  is  probably  more  temperature  dependent  than  in  l.onj;  island  Sound. 

Table  15.  hstimated  stability  criteria,  I , for  the  water  column 
calculated  from  the  data  in  Tables  2a  and  2h  and  using 
an  average  depth  of  17m. 


i Month 

T:  X 1()« 

i 

■ Teb 

78 

I Mar 

4(, 

1 

May 

f 

- 

• Jul 

31 

Aug 

43 

Sep 

2b 

j Dec 

bS 

Observed  transmissivity  in  coastal  waters  is  significantly  influenced 
by  terrigenous  material  resulting  from  land  drainage  and  biological 
processes  such  as  plankton  blooms.  'Therefore,  a high  degree  of  natural 
variability  is  to  be  expected  in  the  transmissivity  of  coastal  or  estuarine 
waters  as  compared  to  oceanic  waters.  Since  transmissivity  is  path  length 
dependent,  results  and  discussions  will  center  around  the  calculated  beam 
attenuation  coefficient,  3,  with  the  units  per  meter  (see  Definitions). 

The  monthly  average  beam  attenuation  coefficients  presented  in  Table  3 
are  a fairly  good  representation  of  "background"  values  for  the  New 
London  Dump  Site  area,  noting  however,  that  large  deviations  can  occur 
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due  to  natural  causes  such  as  unusual  plankton  blooms  or  heavy  runoff 
from  the  land,  all  of  which  depend  upon  external  influences.  Values  are 
hij;h  in  late  summer  in  agreement  with  an  annual  distribution  for  extinction 
coefficients  reported  by  Duxbury  (1971,  Table  8.2J.  Another  secondary 
maximum  would  be  expected  in  late  spring. 

In  general,  the  beam  attenuation  coefficient,  B,  increases  with  depth  as 
can  be  noted  in  Table  3.  This  increase  with  depth  can  be  attributed  to 
turbulence  effected  by  the  bottom  tidal  currents  and  leading  to  a resuspension 
of  the  bottom  material.  This  causes  a decrease  in  bottom  transmittance  and 
thereby  increases  the  value  of  B (.lerlov,  1963  and  also  Cordon,  1974). 

Relative  spatial  variability  is  of  the  order  of  2()°o  (maximum  observed  was 
26o)  as  determined  from  the  horizontal  transmissometer  tows  (Table  4) ; 
here  the  estimate  was  calculated  from  the  ratio  of  twice  the  standard 
deviation  divided  by  the  mean,  or  twice  the  coefficient  of  variation. 

Relative  temporal  variations  were  of  the  order  of  10"o  or  less,  calcu- 
lated in  a similar  fashion  from  the  data  of  July  17,  1975.  Cordon  (1974) 
also  reported  that  the  change  in  turbidity  of  the  water  column  is  small 
over  a tidal  cycle. 

Cordon  (1974)  made  a study  of  the  dispersion  of  dredge  spoil  material 
in  central  bong  Island  .Sound,  llis  observations  show  that  there  is  an 
outward  spreading  density  cloud  produced  by  the  impact  of  the  discharged 
material  with  the  bottom  and  the  figures  shown  by  Cordon  arc  similar  to 
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1 injure  4 of  this  rejiort . The  variations  with  time  indicate  that  there 
may  be  more  than  one  outward  sj)reading  density  cloud  produced  although 
not  of  equal  turbidity.  Cordon  found  that  the  initial  horizontal  spreading 
of  this  den..ity  cloud  or  bottom  surge,  was  about  12m/min. 

A virtual  velocity  vector  Rc.  can  be  defined  for  this  density  cloud  such 
that 

Rc  = Ra  " 

where  R^  is  the  velocity  of  this  cloud  derived  from  the  observed  time 
required  for  the  cloud  to  reach  the  transmissometer , and,  itg  is  the 
mean  bottom  current  velocity  over  the  time  period  calculated  from 
current  meter  data.  The  distance  and  direction  of  the  discharging  barge 
relative  to  the  fixed  transmissometer  were  known.  In  effect,  is  the 
resultant  velocity  between  the  mean  bottom  current,  ifg,  and  the  virtual 
velocity,  R^.,  of  the  cloud  itself.  Values  for  the  speed  component  of  R^. 
are  tabulated  in  Table  14.  Directions  of  the  virtual  density  cloud 
vectors  have  been  omitted  since  for  a radially  outward  moving  cloud, 
the  direction  depends  upon  the  relative  position  of  the  discharging 
barge  and  the  transmissometer. 

The  average  of  all  8 speeds  listed  in  Table  14  is  16.4m/min  and  includes 
of  necessity,  the  downward  flow  as  well  as  the  outward  flow.  Variations 
in  speeds,  particularly  for  the  2 downstream  cases  may  in  part  be  due 
to  the  type  of  material  being  discharged,  i.e.,  whether  rocks,  sand. 
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or  fine  clays,  and  to  differences  in  the  bottom  currents  at  the  time, 
lor  example,  the  mean  bottom  speed  for  the  May  20th  experiment  was 
approximately  l(>m/min  and  22m/min  during  the  duly  9th  experiment,  an 
increase  in  speed  of  approximately  38°o  while  the  corresponding  increase 
in  s]ieed  of  the  virtual  density  cloud  velocity  was  31°o. 


Table  14.  ihe  speed  of  the  virtual  velocities,  , of  the  various 
density  clouds  shown  in  figure  4 calculated  from  the 
difference  between  the  observed  velocity  of  the  cloud 
and  the  average  bottom  currents  over  the  time  period. 
The  average  of  all  8 listed  speeds  is  16.4m/min. 


I 

. Date 

" ~ -1 

(iloud  No. 

Approx. 

Time 

Speed 

(m/minj 

; 20  May  1975 

1 

1140 

13.0 

1 Downstream 
1 Monitoring 

2 

1151 

13.8 

1 21  May  1975 

1 

1210 

..  j 

18.4 

' Upstream 
Monitoring 

1 

1212 

17.5 

! 

3 

1220 

15.5 

9 duly  1975 

1 

1253 

1().4 

Downstream 

Monitoring 

2 

1250 

17.() 

I 

3 

1300 

18.8 

Linear  correlations  were  calculated  between  the  beam  attenuation  co- 
efficient, a,  and  concomitant  values  for  total  suspended  particles  as 
determined  by  the  New  York  Ocean  Science  Laboratory  chemical  oceanography 
group,  lor  all  the  pairs  of  data  that  were  close  in  time  (and  at  the  same 
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Station),  the  correlation  was  18.5°.  This  excludes  surface  values  because 
of  possible  contamination  from  the  atmosjihere  (dust)  and  the  possibilty 
of  natural  light  leaking  into  the  transmissometer , particularly  when 
employing  the  O.lm  path  length.  This  correlation  was  found  to  be  signi- 
ficant at  the  97.5“o  fractile.  Correlations  run  on  the  data  by  individual 
cruises  ranged  in  value  from  -22%  uji  to  84°.  Transmissivity  is  related 
to  total  suspended  particles  in  the  water  column- thus  the  comparatively 
high  significance  associated  with  the  low  correlation;  this  problem 
probably  relates  to  particle  site  for  as  j^ointed  out  by  Clarke  8 .lames 
(19.59J  even  careful  filtering  of  coastal  waters  will  not  remove  the 
colloidal  material,  it  is  probably  this  small  diameter  colloidal  material 
that  is  absorbing  much  of  the  light  energy  particularly  as  short  wave 
lengths  (.lerlov,  1968).  Harlett  8 Kuhn  (1973),  in  their  study  did  not 
attempt  to  calibrate  their  transmissometer  in  terms  of  suspended  particle 
concentration  since  "differences  in  particle  size  distribution  make  tliis 
impossible."  Therefore,  further  attempts  to  draw  quantitative  conclusions 
about  susjiended  particle  concentrations  based  on  transmissometer  observa- 
tions would  be  only  suspect  and  were  not  attempted. 

A Fourier  analysis  was  made  of  the  hourly  average  Fulerian  velocity  com- 
ponents tabulated  in  Table  9.  I'he  results  are  tabulated  in  Table  15  where 
the  tidal  cycle  period  runs  from  -5  through  +6  hours,  a total  of  12  lunar 
hours.  The  column  labeled  Cj  is  the  amplitude  in  cm/ sec  of  the  first 
harmonic  with  a 12  hour  period;  the  column  lal)eled  Ej  is  the  phase  angle 
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in  hours  relative  to  the  start  of  the  cycle  at  -5  hours;  and  °»V  is  the 
percent  of  the  total  variance  of  the  data  accounted  for  by  the  tiarmonic 
in  ((uestion. 

I able  15.  Results  of  a I'ourier  analysis  of  composite  data  for  current 
meters  at  the  Center  Buoy  starting  at  -5  lirs  through  +b  hrs 
or  the  time  of  high  tide  at  New  i.ondon. 


Depth 

' V 

' (^1 

' TV 

Surface 

U 

38.0  10.302 

95 

V 

9.2  2.S92 

42 

Mid-depth 

li 

43.5  9.806 

95 

V 

15.9  2.905 

62 

Bottom 

u 

33.8  9.547 

96 

V 

10.5  2.968 

89 

As  is  apj'arent  from  the  table,  the  dominant  velocity  component  as 
represented  by  the  ami)litude,  Cj,  is  the  u-component  (liast/West)  . The 
V-component  is  only  24T  of  the  magnitude  of  the  u-component  at  the  sur- 
face, 5()o  at  mid-depth,  and  3Io  at  the  bottom.  This  small  increase  in 
the  relative  magnitude  of  the  v-component  with  depth  indicates  that  the 
sub-surface  tidal  currents  are  oriented  more  North/South  than  is  the 
stirface  current.  This  can  also  be  noted  in  the  net-flows  shown  in 
ligure  b,  where  the  mid-depth  and  bottom  flows  are  progressively 
more  to  the  north  (cyclonic  rotation). 

The  first  harmonic  account  for  y-Sii  or  more  of  the  total  record  variance 
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for  the  u-componcnt  at  all  3 levels,  or,  in  other  words,  the  u-comporvnt 
is  periodic  with  a period  of  12  hours,  lor  the  v-component , however,  the 
second  harmonic  with  a (>  hour  period  dominates  in  the  surface  accounting 
for  -32°o  of  the  variance  as  compared  to  42"o  for  the  first  harmonic  (Table  15). 
i'hercfore,  there  are  two  dominant  maxima  in  the  v-component,  i.e.,  a 
northerly  flow  must  occur  twice  in  the  tidal  cycle,  hence,  must  occur  during 
the  ebb  as  well  as  during  the  flood.  This  is  also  readily  observed  in  the 
current  meter  plots  (Appendix)  where  a shift  in  v from  south  to  north 
occurs  approximately  mid-way  through  the  ebb  cycle.  In  the  hourly  averages, 
this  occurs  during  hour  4 for  the  surface  and  mid-depth  and  during  hour 
5 for  the  bo' tom  and  can  be  seen  as  a small  increase  of  O.OTh  hours  in 
the  phase  angle  (c)  with  depth. 

An  increase  of  0.755  hours  (45  minutes)  with  de[ith  also  occurs  in  the 
phase  angle  for  the  u-component.  I'hus , the  maximum  value  for  u (jieak 
current)  occurs  5.302  hours  following  the  time  of  high  water  at  New 
London  at  the  surface,  4.80(i  hours  at  mid-depth,  and  4.547  hours  at  the 
bottom.  Ihat  is,  events  such  as  maximum  flow  and  slack,  occur  earlier 
at  the  bottom  than  at  the  surface. 

Ihe  average  currents  can  readily  be  modelled  for  each  of  the  12  hours 
from  the  following  equations  where  t=l  corresponds  to  -5  hours,  t=  2 
to  -4  hrs,...,  t = 6 corresponds  to  II,  etc., 

Surface  u(t)  = 17.7  + 38.0  cos  tt/(>  (t  - 10.302) 

(4m) 

v(t)  = -5.()  + 0.2  cos  v/b  (t  - 2.892)  + 10.2  cos  7i/3  (t-4.304) 
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Mill-depth  u(t)  = 1^.1  + -43.5  cos  n/(>  (t -11.806) 

1 10m) 

v(t)  = -0.3  + 15.1)  cos  Ti/6  (t-2.905)  + 12.0  cos  tt/6  (t-4.477 


Bottom  u(t)  = 7.8  + 33.8  cos  tt/6  (t  -0.547) 

(17m) 

v(t)  = 2.1  + 10.5  cos  TT/6  (t -2. 1)68)  =3. 2 cos  tt/3  (t-4.896). 


Ihcse  rectangular  components  can  be  readily  converted  to  polar  coordinates 
through  the  definitions,  viz" 

R(t)  - lu(t)-  + v(t)2]l/- 


and 


0 = arc  tangent  v(t)/u(t) 

where  R is  the  speed  (cm/sec)  of  the  current  in  the  direction,  0.  Thus,  the 
average  currents  barring  any  unusual  weather  phenomenon,  can  be  readily  pre- 
dicted from  the  above  equations  knowing  the  time  of  high  water.  This  time 
corresponds  to  setting  t = 6 in  the  above  equations;  an>  other  time  is  easily 
found  by  sim|)ly  adding  or  subtracting  the  appropriate  hours,  for  e.xample, 
if  high  water  occurs  at  1302  hrs,  and  the  flow  5 hours  prior  is  desired, 
then  setting  t = 1 and  solving  the  above  equations  will  yield  the  needed 
values  relative  to  0802  hrs  on  that  day.  Solutions  to  the  above  equations 
are  tabulated  in  Table  16. 


That  the  second  harmonic,  or  6 hour  period,  is  the  dominant  factor  for  the 
v-component  at  the  surface  can  be  seen  from  the  fact  that  the  second  ampli- 
tude is  greater  by  nearly  10"o  (9.2  compared  to  10.2). 
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I'ahlo  !('.  Theoretical  velocities  based  on  I'ourier  analysis  of  all 
current  meter  observations  from  the  New  I.ondon  Dump  Site 
relative  to  the  time  of  high  water  at  New  1-ondon. 


Surface 

1 Mid-Depth 

bottom 

t 

NL* 

u(t) 

v(t)  1 

! u(t) 

v(t) 

u(t) 

v(tj 

1 

-.8 

1 2.S . 7 

10.3 

1 — , 

^ 13.0 

-0.2 

5.6 

•* 

-4 

4 . 1 

-5.0 

-8.0 

1 

3.6 

-15.5 

8.0 

5 

-3 

-11  .8 

5.7 

-22.3 

15.8 

-24.6 

11.2 

4 

-2 

-19.8 

11.8 

-25.9 

-25.0 

12.9 

5 

T 

— i 

-17.8 

b.2 

-17.8 

17.1 

-16.7 

10.3 

b 

II 

-b.2 

-8.2 

-0.4 

-1  .4 

-1  .8 

3.2 

/ 

1 

11.7 

-20.4 

21.9 

-19.5 

15.7 

-5.2 

8 

*) 

31.3 

-21.5 

42.9 

-24.7 

31.0 

-10.2 

y 

4 7.2 

-12.8 

57.2 

-15.9 

40.1 

-9.7 

10 

4 

5.S.3 

-3.6 

60 . 8 

-3.2 

40.6 

-5.0 

11 

.8 

53.2 

-2.2 

52.8 

2.6 

32.2 

0.2 

12 

b 

41.7 

-7.2 

35.3 

0.2 

17.3 

3.5 

Average 

17.7 

-3.9 

17.5 

-0.3 

7.8 

2.1 

*.NL 

: Time 

relative 

to  the  time 

of  high 

water  at 

New  London 

The  bagrangian  measurements  agree  with  the  average  velocity  components.  The 
flood  conditions  as  shown  in  figure  7 arc  close  to  hour  -4  although  the 
average  speed  for  the  surface  was  greater  by  2.4  cm/sec  than  the  bottom 
(Table  10).  The  reversal  in  the  flow  from  a southeast  condition  at  the 
surface  to  a northeast  condition  at  hour  4 is  indicated  in  the  path  that 


tilt.’  .surface'  ilro^;iK’  fo  1 I ovvcil  oti  h'  sept,  in  I injure  A |)os.‘;iblc'  explanation 
for  this  ('  houi'  period  in  the  nortturl>  coin|>onent  is  compound  tides  and 
overtides  that  result  when  t lu'  tidal  wave'  enti'fs  sliallow  water,  i.e.,  Long 
Island  .Sound.  Swanson  (r.)7l)  found  significant  energy  in  the  northerly 
components  at  periods  of  approximately  <>  hours  in  current  meter  data  from 
central  l.ong  Island  Sound. 

Ill  line  with  this  observed  reversal  in  the  north/south  flow  during  the 
ebb  is  the  observation  that  not  only  were  the  dominant  returns  of  the 
bottom  drifters  from  areas  to  the  north  and  west  of  the  dump  site,  but 
that  most  of  these  were  launched  during  an  ebb  cycle.  The  drifter  results, 
in  general,  agree  with  the  jirevious  results  reported  by  I’askausky  et  at. 
(11>72J  and  llollman  and  Sandberg  (11)72). 

I he  results  of  the  transport  calculations  show  a similar  effect.  Although 
transport  values  on  the  east/west  transect  are  larger  in  absolute  magni- 
tude during  the  ebb  when  the  direction  is  to  the  east  than  during  the 
flood  when  the  direction  is  westward  (Table  12),  as  would  be  expected,  the 
opposite  appears  to  be  the  case  for  the  nortli/south  transect.  Transport 
values  on  the  north/south  transect  arc  larger  in  magnitude  during  the 
flood  than  during  the  ebb.  The  dominant  direction  for  the  north/south 
transport  component  is  northward,  or  positive,  during  the  flood,  and  of 
lesser  magnitude  southward  (negative) , during  the  ebb.  Therefore,  a net 
transport  northward  exists.  In  fact,  the  average  northward  transport  of 
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siisiicndcd  solids  (!>;<;)  during  the  flood  is  almost  a factor  of  7 greater 
than  the  average  southerly  transport  during  the  ebb.  Similarly,  the 
average  northerly  transport  of  salt  (I's)  during  the  flood  is  greater  by 
a factor  of  17  compared  to  the  average  ebb  transport  to  the  south.  The 
change  in  direction  of  the  v-component  of  the  velocity  is  also  evident 
in  the  north/south  transjiort  as  would  be  expected.  In  Table  i2a,  at 
1.S55  hrs  on  Dec.  4,  1D75,  the  transport  is  positive,  i.e.,  northward 
during  this  part  of  the  ebb, and  reverts  to  the  normal  southerly  direction 
the  next  hour.  To  summarize,  the  net  transport  was  eastward  along  the 
east/west  transect,  and  northward  along  the  north/south  transect.  It 
must  be  emiihasized  that  these  average  values  are  the  hourly  vectors, 
and  therefore  should  not  be  expected  to  hold  at  any  specific  instant. 
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^JMMARY 

1 omiierature  and  salinity  data  from  the  New  l^ondon  Dump  Site  area  do 
not  show  any  changes  over  the  year  of  disposal  operations  that  could  be- 
attributed  to  either  the  disposal  operation  or  the  dredge  spoil  material, 
beam  attenuation  coefficients  calculated  from  in  situ  observations  of 
t j ansmi ssivity  are  in  general  higher  near  the  bottom  than  at  the  surface 
indicating  that  some  scouring  is  taking  place.  I'his  is  observed  throughout 
the  area  and  is  not  restricted  to  the  dump  site  itself  and  is  due  to 
the  effect  of  turbulence  generated  by  tidal  currents;  however,  slight 
increases  in  the  attenuation  coefficient  can  be  noted  on  the  downstream 
side  of  spoil  mounds.  The  average  speed  of  the  turbidity  or  density- 
cloud,  resulting  from  barge  discharges  was  apjiroximately  l(im/min. 

A reversal  from  a southeasterly  flow  to  a more  northeasterly  flow  approxi- 
mately mid-way  in  the  ebb  tidal  cycle  is  ajiparent  from  observed  current 
meter  results  t>btained  at  the  (.'enter  Buoy.  Average  hourl)-  velocities 
relative  to  the  time  of  i)redicted  high  water  at  New  l.ondon  were  calculated 
from  current  meter  observations  and  used  as  a foundation  for  a predictive 
model.  I'he  net  flow,  based  on  an  integration  of  observed  data,  was  SI;  at 
the  surface,  1.  at  mid-depth,  and  NI;  near  the  bottom.  Drogue  exjieriments 
tend  to  confirm  the  current  meter  observations.  Maximum  transport  was 
in  the  hast/Kest  direction  with  highest  values  occurring  during  the  ebb; 
for  the  North/South  transport,  higher  values  obtained  during  the  flood 
cycle. 
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INI  R01HI(~ri0N 

I'he  chemical  oceanography  study  of  the  New  London  Dump  Site  area  was 
designed  to  detect  and  monitor  the  effects,  if  any,  of  the  dumping 
of  dredge  spoils  on  chemical  parameters  in  the  disposal  area  and  its 
environs.  I'he  study  may  be  divided  into  three  aspects. 

One  part  of  the  study  involved  the  water  quality  of  the  area,  fhe  para- 
meters studied  were  Kh,  pH,  turbidity,  salinity,  dissolved  oxygen,  and 
suspended  and  volatile  solids,  experiments  were  desigjied  to  monitor  the 
parameters  seasonally,  and  to  observe  their  changes  following  actual 
spoilings. 

Another  aspect  of  the  study  was  the  analysis  of  the  sediments  at,  and  in 
the  vicinity  of  the  dumj)  area.  The  parameters  investigated  were:  chemical 
oxygen  demand  (COD),  Kjeldahl  nitrogen  (K-N)  , total  phosphorus,  and  the 
metals:  cadmium,  copper,  iron,  lead,  nickel,  zinc,  and  mercury.  The  pur- 
pose of  this  study  was  to  detect  any  spreading  of  the  spoil  mound  or  of 
its  components. 

The  third  part  of  the  project  was  designed  to  study  the  effect  of  dumping  on 
benthic  organisms  and  the  seston  in  the  area.  The  parameters  investigated 
here  were  the  same  as  those  for  the  sediment  study  with  the  exception  of 
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Water  Quality  Studies 

Water  samples  for  mid-depth  and  bottom  analysis  were  collected  using 
Niskin  samplers.  Depth  of  the  samples  was  determined  by  using  a meter  wheel 
cable  pulley  with  corrections  made  for  wire  angle.  Surface  samples  were 
collected  by  means  of  a polyethylene  bucket. 

pH,  Eh,  and  turbidity  of  the  samples  were  determined  in  the  field.  The 
method  used  for  pH  is  that  described  in  the  EPA  manual  (EPA,  1974).  Eh 
was  determined  with  a platinum  electrode  in  accordance  with  the  ASTM 
procedures  for  oxidation-reduction  potentials  of  water  (ASTM,  1974). 
Turbidity  was  measured  by  means  of  a Hach  Turbidimeter  (Model  2100A), 
following  the  manufacturer's  instructions.  Suspended  solids  were  de- 
termined using  approximately  two  liters  of  water,  filtered  on  board 
the  sampling  vessel  immediately  upon  collection.  Detailed  descriptions 
of  the  method  may  be  found  in  Standard  Methods  (APllA,  1971) . Dissolved 
oxygen  was  determined  by  the  Winkler  method  as  described  in  the  EPA 
Manual  (EPA,  1974).  A Beckman  Model  »>915  Total  Organic  Carbon  Analyzer 
was  used  according  to  the  manufacturer's  directions  to  obtain  organic 
content  of  the  samples.  These  samples  were  stored  frozen,  until  analyzed. 

Seston  Samples 

Seston  samples  were  collected  by  towing  a 363p  mesh  net  with  a 3/4 
meter  opening  at  three  depths.  The  collected  samples  were  then  freeze- 
dried,  homogenized,  and  stored  for  .analysis. 
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For  a description  of  digestion  methods,  see  "Marine  Pollution  Monitoring" 
(1972) . Determination  of  heavy  metals  was  done  by  flame  atomic  absorbtion 
spectroscopy.  Mercury  was  analyzed  by  the  flameless  method  described  in 
Marine  Pollution  Monitoring,  following  an  acid -permanganate  digestion. 

A Perkin-Elmer  Model  #503  Atomic  Absorbtion  Spectrophotometer  was  used 
for  all  metal  determinations  except  for  some  early  mercury  determinations 
which  were  analyzed  on  a Beckman  Model  #440  AA.  Phosphorus  was  determined 
on  an  aliquot  of  the  heavy  metal  digestion  following  the  procedure  given 
in  Strickland  (1968).  Nitrogen  was  analyzed  using  an  Orion  Specific  Ion 
Ammonia  Probe  following  a Kjeldahl  digestion,  as  described  in  the  EPA 
manual  (1974). 

Sediment  Samples 

Sediment  samples  were  collected  by  the  Sandy  Hook  Marine  Laboratory 
as  described  in  a previous  section.  The  samples  were  stored  and  transported 
to  Montauk  frozen.  Upon  receiving  the  samples,  they  were  thawed,  homogenized, 
and  a portion  of  the  wet  sample  refrozen  and  held  for  COD  analysis.  The 
remainder  of  the  sample  was  air  dried  at  60°C,  sieved  through  a 2mm  non- 
metallic  screen  and  held  for  determination  of  acid  soluble  metals,  total 
phosphorus  and  Kjeldahl  nitrogen. 

COD  determinations  were  performed  as  described  in  "Standard  Methods" 

(APHA,  1971).  Sediments  for  heavy  metal  analysis  were  acid  extracted  with 
4M  11N03-0,7M  HCl  as  described  by  Oliver  (1973),  and  determined  by  flame 
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atomic  absorbtion  spectroscopy  as  described  above.  The  determination 
of  Hg  was  performed  by  flameless  t\A  after  an  acid-permanganate  extraction 
Phosphorus  was  determined  as  described  by  Strickland  (1968J  after  total 
digestion  [Marine  Pollution  Monitoring,  1972).  Samples  were  digested 
for  the  nitrogen  determination  by  the  Kjeldahl  method  (KPA,  1974). 

Benthic  Organisms 

Samples  of  benthic  organisms  were  collected  by  the  Sandy  Hook  Marine 
Laboratory  as  described  previously.  These  were  stored  frozen. 

The  specimens  were  freeze  dried  individually  and,  depending  on  their  size 
they  were  either  combined,  analyzed  individually,  or  divided  for  multiple 
analyses  after  homogenization.  The  samples  were  digested  and  analyzed 
as  described  above  for  the  seston  samples. 

Sampling  Stations 

Sampling  stations  for  the  water  quality  and  seston  studies  are  shown 
in  Figure  1.  Their  coordinates  are  given  in  Table  l.  The  stations 
for  sediment  and  benthic  sampling  are  shown  in  Figure  2. 


RESULTS 

Areal  Survey  of  Water  Quality 

Periodic  surveys  of  the  water  at  the  dump  site  and  its  vicinity  (see 
Figure  I for  sampling  stations)  were  carried  out  for  these  parameters: 
dissolved  oxygen,  suspended  and  volatile  solids,  pH,  Eh,  turbidity,  and 


station  Locotiont 


Fig.  1.  Station  Locations  - New  London  Rump  Site  - Water  Column 


Figure  . : Sediment  stiition  locations  New  Ixjmion  iHiinp  Site 
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organic  carboii.  I'hcse  areal  surveys  were  designed  to  detect  any  dit* 
ferences  in  the  parameters  as  a function  of  distance  from  the  du/np  site, 
rhey  were  performed  as  synoptical ly  as  possible  under  a variety  of  tidal 
and  seasonal  conditions. 

In  general  the  parameters  showed  no  trends  with  respect  to  location  rela- 
tive to  the  center  station.  There  are  variations  between  sampling  cruises 
as  shown  in  Tables  2 through  7 and  Figures  ^ through  8.  These  varia- 
tions are  apparently  seasonal  as  demonstrated  by  a comparison  with  1974 

and  197.S  data. 

r 

Mean  dissolved  oxygen  values  CTiS-  ^ ) ranged  from  about  80%  to  100% 
saturation.  NAVOt'.F.ANO  (1973)  reported  dissolved  oxygen  values  ranging 
from  89.8  to  97.4%  for  (i  month  averages  in  waters  in  the  New  London  area 
in  1972.  Seasonal  changes  were  not  noted,  however. 

No  spatial  variations  appear  consistently  in  the  value  of  suspended 
solids  in  the  dump  area  and  adjacent  waters;  however,  variations  occurred 
over  the  entire  area  on  a seasonal  basis.  Values  appear  to  be  somewhat 
higher  during  the  winter  months.  Suspended  solids  are  often  higher  in 
the  bottom  waters  than  in  the  upper  waters  (Table  and  Figure  4 ) . 

This  observation,  as  well  as  the  general  magnitude  of  the  results,  are 
consistent  with  data  reported  by  Bohlen  (197S). 


Turbidity  values  (Table  b and  Fig\ire  ^ ) are  also  generally,  but  not 


Table  ^ 

Average  Values  for  Volatile  Solids  (percent  total  solids) 
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Average  Value  of  Suspended  Solids 


Average  Values  of  Turbidity 
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always,  higher  as  the  water  tlcpth  increases.  I’he  seasonal  changes  of 
turbidity,  however,  do  not  always  follow  the  changes  in  suspended  solids. 
This  must  reflect  the  fact  that  the  particle  size  and  nature  of  suspended 
matter  have  large  effects  ujion  the  optical  quality  of  the  water  while 
suspended  solids  depend  only  on  mass  retained  by  the  filter. 

Volatile  solids  also  show  a seasonal  variation  expressed  as  percent  total 
solids,  which  are  the  reverse  of  that  showai  by  suspended  solids.  This 
may  be  due  to  the  elevated  phytoplankton  levels  which  are  present  in 
the  summer  months. 

I'he  above  results  indicate  that  there  is  no  noticeable  effect  on  the  water 
(juality  due  to  the  diunp  area. 

I here  were  exceptions  to  the  generalisation  that  the  values  of  the  para- 
meters showed  no  significant  variation  over  the  s;impling  area.  On  .Sept. 

11,  1974  dissolved  oxygen  values  west  of  the  Central  Buoy  ranged  between 
84  and  891  of  saturation  while  at  and  to  the  east  of  this  buoy  the  con- 
centrations were  between  71  and  831  of  saturation.  Similar  variations 
were  not  observed  at  other  times,  and  other  parameters  did  not  vary  in 
an  analogous  fashion  at  that  date. 

Drogue  Studies  of  Kesuspension 

experiments  were  performed  to  study  the  effect  upon  the  value  of  the 
parameters  in  the  water  column  as  the  water  passes  over  the  dump  area. 
Drogues,  at  two  levels,  were  placed  in  the  water  when  or  before  it 
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]'assc<J  over  the  dump  area.  Samples  were  drawn  at  the  drogues  at  a number 
of  time  intervals  up  to  a few  hours.  Again,  it  was  observed  that  the 
values  of  the  parameters  in  the  water  were  unaffected  by  the  passage  of 
the  water  over  the  dum(>  area.  Hence,  no  resuspension  of  spoil  was 
shown  by  these  experiments.  These  studies  were  performed  on  various 
dates  so  that  all  flow  conditions  were  sampled,  with  emphasis  on 
maximum  current  velocities. 

Post-lAimp  Studies 

In  Sept.  1974  and  March  1975,  drogues  were  placed  in  the  water  at 
two  depths  immediately  after  a dump  occurred  at  the  spoil  dumping  lo- 
cation. Samples  of  the  water  at  the  drogues  were  then  taken  as  a 
function  of  time.  This  study  permits  the  determination  of  the  time 
needed  for  the  parameters  in  the  spoil  plume  to  return  to  background. 

The  water  column  parameters  most  affected  by  a diun]!  were  dissolved  oxy- 
gen, sus[)ended  solids  and  turbidity.  In  the  first  of  these  experiments  the 
dissolved  oxygen  content  in  the  bottom  water  dropped  to  about  48«  of  satura- 
tion and  returned  to  the  ambient  84°»  within  40  minutes.  The  surface  and 
middle  waters  were  hardly  affected.  In  the  March  experiment , the  bottom 
waters  took  less  than  10  min  to  return  from  os'll  saturation  to  the  ambient 
9h%  saturation,  and  again,  surface  waters  were  unchanged. 

In  the  Sept,  study,  suspended  solids  in  surface  waters  returned  to  ambience 
within  10  mins  of  spoil  while  bottom  waters  following  the  surface  drogue 
took  about  two  hours  to  reach  ambience.  Ihe  March  experiment  showed 
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that  the  effects  of  the  Jump  were  conijiletely  unobservable  after  about  30 
min.  At  the  time  of  the  Jump  susjienJed  solid  values  rose  from  10  to  100 
times  the  ambient  values. 

Turbidity  samples,  taken  at  the  same  time  as  the  suspended  solid  samples, 
showed  like  effects  due  to  the  Jurapinj;.  In  the  Sept.  (1974)  study,  di.iring 
the  anchored  portion  of  the  study,  turbidity  increased  approximately  150 
times  and  returned  to  the  pre-dump  condition  within  40  minutes. In  a drogue 
experiment  performed  the  same  day,  bottom  waters  in  the  vicinity  of  the 
surface  drogue,  recpiired  1-1/2  hours  to  return  to  ambience  following  a 
spoiling.  On  March  0,  1975,  during  a study  where  both  surface  and  bottom 
drogues  were  followed,  no  elevated  turbidity  values  were  detected  after 
the  initial  sampling  in  any  of  the  water  samples.  This,  in  conjunction 
with  suspended  solid  data  reviewed  earlier,  indicated  that  the  spoil 
material  deposition  rate  is  rapid. 

The  pH  and  l.h  values  were  apparently  unaffected  by  the  dumping  as  determined 
by  these  drogue  studies. 

On  May  21,  1975,  st.ations  downstream  of  the  dump  site  on  an  ebb  tide 
(eastern  stations)  and  one  each  north,  south  and  west  of  the  site,  were 
monitored  following  a spoil  dumping  event.  Perturbations  of  the  ambient 
values  of  some  pariimeters  were  observed  only  at  the  closest  downstream 
station  (,Iil)  at  ajiproximatcly  the  time  predicted  from  current  meter 
readings  (1  hr).  pH  values  decreased  about  0.3  units  at  the  surface  .md 
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suspended  solids  were  higher  than  ambient.  In  bottom  waters, suspended 
solids  rose  about  seven  times  ambient.  These  values  returned  to  ambient 
within  about  a half  hour.  Dissolved  oxygen  values  showed  no  significant 
change  from  ambient  as  expected  from  the  drogue  studies  described  above 
in  which  dissolved  oxygen  values  were  found  to  return  to  ambient  well 
within  one  hour. 

Sediments 

The  sediments  at  the  dump  site  and  its  environs  are  of  great  interest 
with  regard  to  the  question  of  whether  the  spoils,  or  any  of  the  components 
of  the  spoils,  remain  at  the  dump  site  or  tend  to  spread  out  beyond  the 
one  square  mile  designated  as  the  dump  site.  The  parameters  investigated 
in  the  sediments  were  the  metals,  cadmium,  copper,  iron,  nickel,  lead, 
zinc  and  mercury,  Kjeldahl  nitrogen,  total  phosphorus,  and  chemical  oxygen 
demand . 

The  analytical  methods  used  have  been  described  above.  For  the  last  two 
sample  periods, the  sample  size  has  been  increased  from  1 gram  to  10  grams. 

This  change  affords  an  approximately  10  fold  decrease  in  detection  limirs. 

Table  8 lists  the  minimum  detectable  values  obtained  on  these  samples.  The  ^ 

minimum  detectable  values  listed  are  estimated  by  taking  .002  absorbance 
units  as  the  lowest  reliable  value  to  be  obtained  from  flame  spectrophoto- 
metric  analysis.  The  actual  minimum  concentration  detected  depends  upon  the 

/> 

sensitivity  of  the  particular  metal  being  analyzed.  Table  ® also  compares 
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this  value  with  those  reported  by  Feng  (1976). 


Original  data  for  September,  October,  1975  and  January,  February,  1976 
have  not  previously  been  reported  and  are  therefore  presented  in  appendix  1. 


Data  for  copper,  iron,  zinc,  nitrogen,  phosphorus,  and  chemical  oxygen 
demand  are  summarized  in  the  contour  diagrams.  Figures  9 to  14  . Data 
for  nickel,  mercury,  cadmium  and  lead  were  not  contoured  due  to  the 
paucity  of  data  above  minimum  detectable  or  the  small  random  variations 
versus  location.  The  mean  concentration  of  these  parameters  within  the 
dumpsite  area  were  compared  with  those  outside  the  dumpsite.  The  results 
of  this  comparison  are  given  in  Table  9 , For  these  calculations,  Stations 
F4 , A5  and  F8  were  included  as  inner  stations  along  with  A7,  A8,  C5,  C6, 

C7 , C8,  F5,  E7,  L8 , F4 , F5,  and  F7  which  are  within  the  dump  area  (Fig.  2 ). 
The  differences  between  the  results  of  the  inner  and  outer  stations  were 
tested  for  signicance  by  the  t-test  at  95°*  confidence  limits  (Youden,  1951). 
The  results  of  these  tests  are  shown  in  Table  9. 


Table  9 shows  that  except  for  Kjeldahl  nitrogen,  total  phosphorus,  and 
chemical  oxygen  demand,  the  parameters  had  the  same  values  inside  and 
outside  the  dump  area  during  the  first  sampling  period,  which  was  the  pre- 
dump period.  The  copper  and  iron  content  inside  the  dump  area  are  signifi- 
cantly higher  than  outside  for  all  other  sampling  times.  The  zinc  content 
shows  no  significant  variation  inside  and  outside  the  dump  area  while 
lead,  nickel,  and  cadmium  are  higher  inside  the  dump  area  on  only  a few 
occasions.  Mercury  concentrations  inside  the  dump  area  are  not  significantly 
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Figure  14  . New  London  Dumpsite  Sediment  Contours 
Chemical  Oxygen  Demand  in  mg/ Kg  x 10^ 
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Yes 

22 

37.3 

19.1 

15 

ies 

22 

1 

46.5 

19.4 

15 

Yes 

19 

1 

32.9 

8.8 
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21 

1 
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16.9 

14 

Yes  I 

)pm 
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No 
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7.0 
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No 
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15.0 

7 

No 
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MM 

0 

No 
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HW 
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No 

20.2 

17.6 
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15.7 

3.6 
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^ J 

)pm 
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A 

O 

0 

0 
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4.0 

0 
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1 

3.0 

1 

H 

<2.0 

0 

■ 

4.5 
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8 

.42 

.22 

9 

1 

.08 
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higher  than  those  outside  except  for  January  and  F-ebruary,  1975.  After 
an  initial  increase  in  September,  1974,  the  mercury  content  in  the  dump 
area  decreased.  Therefore,  the  changes  in  mercury  content  of  the  dump  area 
do  not  ap|)ear  to  be  attributaF)le  to  spoil  dumping.  Chemical  oxygen  demand, 
Kieldahl  nitrogen,  and  total  phosphorus  were  always  significantly  higher 
in  the  dump  site,  llie  fact  that  the  pre-dump  period  is  no  different  than 
the  ones  after  the  dumping  commenced  must  be  due  to  the  prior  use  of 
this  site. 

Ihe  contours  in  F igures  9-14  show  that  there  is  no  general  trend  such  as 

spreading  of  the  dredged  material  out  of  the  dump  area. 

No  variations  with  respect  to  time  are  apparent  except  for  the  initial 
increase  in  copjier  and  iron  concentrations.  This  suggests  that  the  increase 
in  concentration  of  these  metals  is  due  to  tFie  dumping  of  dredge  spoil. 

It  is  interesting  to  note  that  an  earlier  study  of  the  sediments  in  this 
area  (NAVOCl-.ANO,  1973)  report  a copper  concentration  of  about  10  ppm 
for  their  [)hases  1 and  2 which  is  similar  to  the  "outer"  copper  concentrations 

observed  in  this  study.  Their  phase  3 copper  results  were  about  31  ppm  which 

is  roughly  5()"d  higher  than  the  "inner"  values  found  here.  This  earlier 
study  reported  zinc  concentrations  ranging  from  about  bO  to  80  ppm  which 
is  the  order  of  magnitude  of  the  zinc  content  found  in  the  present  study. 
Cadmiian  results  are  also  similar  in  both  studies.  Mercury  was  reported  as 
less  than  1 ppm  in  the  NAVOCl.ANO  study  which  is  in  agreement  with  the  results 
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found  here.  Lead,  however,  ranged  from  about  100  to  200  ppm  in  the 
earlier  study  while  the  present  study  reports  lead  content  in  the  20- 
.30  ppm  range.  It  must  be  pointed  out  that  the  \AVO(;tAN0  study  used  a 
total  digestion  treatment  of  the  samples.  Lead  in  the  Thames  River  sediments 
(Feng,  ly^O)  ranged  from  the  order  of  20  to  150  ppm. 

Benthic  Organisms 

Fffects  of  spoil  dumping  on  benthic  organisms  is  an  important  part 
of  the  total  environmental  impact  of  the  dump  site.  Benthic  organisms 
were  collected  by  the  Sandy  Hook  Laboratory,  ihese  organisms  were  analyzed 
for  iron,  zinc,  copper,  cadmium,  nickel,  lead  and  mercury,  kjeldahl 
nitrogen  and  total  phosphorus  at  NYOSL  as  described  above. 

A complete  reporting  of  results  of  the  determinations  made  on  the  benthic 
animals  is  given  in  fable  10  and  the  quarterly  reports.  Although  many 
species  were  present  in  the  samples,  only  Pi  lav  and  ytej'-jenai'ia  were  found 
to  be  abundant  at  all  times  and  ,it  most  stations.  Unfortunately , the 
identifications  of  the  samples  collected  in  the  .June,  October,  1974,  and 
the  .lanuary  and  April,  1975  cruises  are  in  doubt.  The  nuestion  remains 
whether  Pitar  and  Mut^feriana  were  confused  in  these  s.<;iples.  It  is  inter- 
esting, however,  to  compare  the  data  for  metals  in  Pitar  and  Mei'cenax*ia 
in  lable  10  in  which  the  results  are  averaged.  In  the  Sept.,  1975  and 
May,  197()  samples,  which  were  identified  by  Sandy  Hook  biologists,  the 
metal  content,  except  for  cadmium,  are  virtually  the  same  in  the  two 
species.  Mevenaria  and  Pitar  taken  from  the  river  (Feng,  197b)  showed 


Table  10 

Heavy  Metals  in  Benthics 


Insufficient  Sai^le 


Number  of 
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a similar  relationship  in  their  copper,  nickel  and  mercury  content, 
while  the  zinc  content  was  slightly  higher  in  Pitar.  Cadmium  again 
was  appreciably  higher  in  Pitar  than  in  Mercenaria.  In  view  of  the 
similarity  of  metal  content  of  Pitar  and  Mercenaria,  and  the  lack  of  any 
trend  in  the  data  in  Table  10  with  respect  to  time,  it  may  be  concluded 
that  the  metal  content  of  Mercenaria  did  not  increase  over  the  period 
covered  in  these  studies. 

Talile  II  compares  data  for  animals  found  inside  the  one  square  mile 
dump  area  with  data  for  animals  found  outside  the  area.  The  specific 
stations  inside  the  area  are  listed  above  in  the  "sediment"  section. 

Again,  only  Mercenaria  and  Pitar  were  found  in  sufficient  quantities 
for  tabulation.  With  few  exceptions,  the  differences  between  the  data 
for  the  "inner"  animals  and  the  "outer"  animals  are  insignificant.  The 
few  differences  observed  were  small. 

There  is  a similarity  between  the  results  reported  here  and  the  metal 
content  of  Mercenaria  and  Pitar  found  in  the  Thames  River  (Feng,  1976). 
Mercenaria  in  the  river  had  zinc  contents  ranging  from  170  ppm  to  5300  ppm, 
copper  from  about  16  ppm  to  about  29  ppm,  cadmium  from  0.7  ppm  to  2 ppm, 
nickel  from  6 ppm  to  13  ppm,  and  mercury  from  0.2  ppm  to  0.4  ppm.  Pitar 
in  the  river  had  a zinc  range  of  about  360  ppm  to  about  460  ppm,  copper 
of  10  ppm  to  20  ppm,  cadmium  of  3 ppm  to  4 ppm,  nickel  of  5 ppm  to  10  ppm, 
and  mercury  of  0.1  ppm  to  0.2  ppm.  Cadmium  and  to  a lesser  extent  nickel, 
was  appreciably  higher  in  the  organisms  found  in  the  sound  but  other 
parameters  were  quite  similar. 
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Tabic 

Means  of  Inner  Versus  Outer  Stations 


for  Heavy  Metals  in  Benthics 
Pi  tar  morrhuana 


Table  Ha 

Means  of  Inner  Versus  Outer  Stations 
for  Heavy  Metals  in  Benthics 
Merjenaria  ner'.?enciria 
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Finally,  analyses  performed  on  Mercenar ia  and  Pi  tar  collected  from 
the  dumpsitc  area  and  analyzed  by  personnel  of  the  Environmental 
Chemistry  Task,  tJortheast  Fisheries  Center  (MEFC) , Milford,  Conn., 
resvilted  in  values  quite  similar  to  the  present  data.  (Greiq,  per- 
sonal communication) (Tables  12  and  13) . Their  samples  were  collected 
simultaneously  with  those  run  by  NYOSL.  Their  data  were  oriqinally 
given  as  fipm  mctal/wet  weight;  the  data  were  then  recalculated  on  a 
fqim/dry  weight  basis  for  comparison  with  the  data  in  Table  10. 

Given  the  within  si>ecies  variation  observed  in  heavy  metal  data, 
the  averaged  values  are  similar  to  HYOSL  data  (Table  14) . Zinc  in 
individual  Mercenaria  analyzed  at  the  Milford  Laboratory  ranged  from 
80.5  to  241  f'pm;  cofjper  from  11.3  to  25.7  ppm;  cadmium  from  -c  1.07 
to  2.10  ppm;  nickel  from  0.47  to  16.9  ppm;  and  mercury  from  0.32 
to  -^0.63  ppm.  Composite  samples  of  Pitar  (5  to  10  animals  per 
sample  collected  at  specific  dumpsite  stations)  contained  zinc  in 
a range  of  113  to  166  ppm;  copper  from  16.7  to  23.7  ppm;  cadmium 
from  1.43  to  2.78  ppm;  nickel  from  8.27  to  11.3  ppm;  and  mercury 
from  0.32  to  -^0.40  ppni. 

As  reported  in  the  6th  quarterly  rc{>ort  on  studies  of  dredging  and 
spoil  disposal  at  New  London,  the  Environmental  Chemistry  Task, 
Northeast  Fisheries  Center  (NEFC) , has  analyzed  heavy  metals  in 
lobsters  collected  in  jots  set  on  a quarterly  basis  at  stations 
at  and  extending  from  the  disposal  buoy  to  0.5  n mi  E of  the  buoy. 
Results  of  these  analyses  are  presented  in  Table  15,  and  are  com- 
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Table  12 

Heavy  metal  values  in  Mercenar ia  mercenaria 
from  stations  in  the  dredqe  sj/oil  disposal  area; 
Metal  values  in  t^pm  (wet  and  dry  wt.) 

Data  I rovided  by  P.  Greig, 
Environmental  Chemistry  Task,  NEFC 


b.if  . B ai.d 
( E t j t i on) 

» Pry 

19488  (AID) 
7.97 

19489  (AlO) 
8.74 
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9.06 

Wet 

nry 

Wet 

Dry 
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Dry 
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Dry 
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Aq 

0.35 
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Ci 
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0.44 
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Cu 
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Hg 
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"^able  13 

Heavy  metal  values  in  I'itar  Morrhuana 
from  stations  an  the  dredqe  spoil  disposal  area; 


Metal 

values  in 

ppm  (wet 

and  dry  wt 

.) 

Lab.#  and 
(Staticnl 
% Dry 

19485  (F3 
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Table  14 


Averaged  metal  values  in  Mercenar la  and  Pi  tar; 
Data  given  as  i-arts  per  million  (ppm)  dry  weight 
Analysis  fierformed  by 
Envirorjnental  Chemistry  Task 
Northeast  Fisheries  Center  (NEFC) 
and 

New  York  Ocean  Science  Laboratory  (NYOSL) 


Mercenaria  Pitar 


NEFC 

NYOSL 

NEFC 

NYSOL 

(ppm) 

(ppm) 

(ppm) 

(ppm) 

Ag 

4.93 

- 

3.91 

- 

Cd 

1.62 

1.06 

2.14 

1.21 

Cr 

4.44 

- 

4.26 

- 

Cu 

20.2 

14.74 

21.32 

14.53 

Hg 

0.44 

0.31 

0.36 

0.21 

Ni 

11.61 

10.81 

9.42 

5.49 

Pb 

7.71 

3.04 

11.32 

7.15 

Zn 

153.9 

171.6 

141.25 

177.67 

Heavy  metal  values  in  lobster,  Homarus , 
collected  frc«n  the  New  London  dredqing  spoils  disposal  site 
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parc?d  to  data  for  lobsters  from  the  New  Haven  dumijsitc  (Table  16)  . 
The  data  include  {.{jm  of  heavy  metals,  both  wet  and  dry  weiqlitf;. 

The  New  London  data  are  based  on  analysis  of  six  to  ten  lobsters 
per  quarter,  and  for  ‘lew  Haven,  six  to  eight  animals.  Average 
weights  of  these  organisms  ranged  from  307  to  478  g.  Variability 
of  the  metal  coiiccntrations  was  quite  high,  but  the  averaged  data 
reveal  no  systematic  changes  in  heavy  metals  in  New  London  lobsters 
between  July  1974  (predisposal ) and  July  1975  samplings.  Concentra- 
tions in  digestive  diverticula  wore  much  higher  than  in  tail  muscles 
or  gills.  Diverticula  of  New  Haven  lobsters  had  higher  concentra- 
tions of  Ag,  Cd,  Cu,  and  7.n  than  did  those  of  New  London  sjvecimens. 
Values  for  tail  muscles  were  com; arable  for  the  two  areas.  Neither 
site  had  detectable  levels  of  Cr , Ni  or  Pb  in  the  lobster  tissues 
examined. 

Phosi)horus-nitrogen  ratios  are  similar  for  the  animals  inside  and 
outside  the  dumj;  area.  This  indicates  no  drastic  differences  in 
the  biochemistry  of  these  animals. 

£eston 

Seston  scunples  were  analyzed  for  their  cadmium,  cof)per,  iron, 
nickel,  lead,  zinc,  mercury,  K jeldahl-ni trogen  and  total  phosphorus 


content.  Depending  ujjon  the  amount  of  seston  in  the  area,  scunples 
covered  one  or  more  sampling  stations.  Towing  was  always  performed 


Heavy  metal  values  in  lobster,  Homarus ; 
collected  from  the  New  Haven  dredging  spoils  disposal  site 
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alonq  a samilinq  transect.  The  r>oini;linq  stations  used  were  those 
used  for  the  water  cjuality  stations. 

^Jo  relationshij ' can  be  discerned  between  the  values  of  the  [>ara- 
neters  and  the  samflinq  locations.  This  observation  is  consistent 
with  what  has  been  found  in  the  areal  survey  of  the  water  quality 
(see  above)  . In  addition,  the  variations  of  tlie  j arameters  from  one 
sampling  period  to  another  were  random.  The  seston  data,  therefore, 
indicate  that  the  parameters  studied  arc  not  affected  by  the  duirip- 
iny  of  sixiils  at  this  site. 

It  should  be  noted  that  total  seston  concentration  was  not  determ.in- 
ed  in  this  study,  but,  as  exfjocted,  the  concentration  was  observed 
to  vary  from  p'criod  to  jeriod.  It  is  also  aj  parent  tliat  seston  in 
this  study  includes  all  matter  retained  by  the  sampling  net. 

SUMMARY 

Areal  survey  of  the  water  quality  showed  no  variation  in  the  para- 
meters studied  with  respiect  to  location  at  the  dum{>  site  and  its  en- 
virons, however , seasonal  variations  were  observed.  Seston  likewise 
showed  no  differences  in  parameters  with  regard  to  location. 

It  was  found  that  the  water  quality  jiarameters  returned  to  nonnal 
rapidly  following  a dumidnq  event.  The  longest  time  observed  for 
■ this  return  to  normalcy  was  two  hours  for  the  bottom  waters. 

f 

L The  sediments  inside  the  dump;  area  were  found  to  be  generally  high- 
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er  in  iron,  co[{ ‘‘t  < ciiemical  oxygen  demand,  total  jliosphorus, 
and  K jeldahl-ni troqen  than  the  sediments  outside  the  area.  How- 
ever, no  evuicnce  for  sj  rcadinfj  of  the  material  outside  the  dump 
site  was  found. 

The  benthic  animals  examined  were  observed  to  have  about  the  same 
values  for  the  parameters  studied  whether  they  were  collected  in- 
side or  outside  the  dump  area.  There  was  no  indication  of  signifi- 
cant changes  in  heavy  metal  burdens  with  time. 
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F.  Effect  of  Dredqinq  and  Spoils  Deposi  .i'.n 
on  Fecal  Colifonii  Counts  in  Sediments 
and  Bottom  Waters  of  the  Thames  River 
and  New  London  Disposal  Site 

John  T.  Graikoski,  Supervisory  Microbiol oqi st 
John  A.  Babinchak,  Microbiologist 
Shearcn  Dudley,  Biologist 
Maureen  Nitkowski,  Microbiologist 

National  Marine  Fisheries  Service 
Northeast  Fisheries  Center 
Milford  Laboratory 
Milford,  Connecticut  06460 

In^r^du_cjjon 

Fecal  conforms,  indicators  of  fecal  pollution  and  enteric  pathogens,  have 
been  shown  to  persist  and  concentrate  in  bottom  sediments  in  aquatic  systems 
which  have  received  fecal  material  (Rittenberg,  Mittwea:  and  Ivler,  1958, 
Hendricks,  1971,  and  Van  Donsel  and  Geldreich,  1971).  The  dredging  and  trans- 
port of  these  sediments  could  lead  to  bacteriological  contamination  of  the 
spoils  disposal  and  adjacent  areas. 

In  a hydraulic  dredging  operation  of  a navigation  channel  on  the  upper 
Mississippi  River  (Wisconsin),  it  was  shown  that  the  Fecal  loliform  (FC)  con- 
centrations increased  significantly  in  the  water  column  in  the  immediate  vicinity 
of  the  operation  (Grimes,  1975).  Concentrations  of  FCs  reaching  the  deposition 
site,  however,  were  greatly  diluted  due  to  the  tremendous  volumes  of  water 
necessary  to  pump  the  spoils  to  the  spoiling  site. 

The  objective  of  this  study  was  to  monitor  the  FC  densities  in  the  Thames 
River  sediments  and  at  the  spoils  deposition  and  adjacent  areas  in  Long  Island 
Sound  for  evidence  of  fecal  contamination  due  to  the  deposition  of  the  dredged 
material.  Also  in  the  initial  survey  a comparison  was  made  of  the  total  aerobic 
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plate  count  and  fecal  col i form  count  of  the  top  sediments  from  the  stations 
sampled. 

MATERIALS  AND  METHODS 

• Sediment  samples  were  collected  from  five  stations  in  the 
Thames  River  (f^ig.  1)  and  from  30  stations  (17  spoils  and  13  control  stations) 
at  the  New  London  dump  site  in  Long  Island  Sound  (Fig.  2).  The  spoils  ground 
was  considered  to  be  those  sites  encompassed  by  a circle  with  a one-mile  radius 
measured  from  the  point  of  dumping  (Station  C6).  The  control  stations  were  lo- 
cated outside  this  circumference.  All  stations  were  sampled  for  sediments  in 
July,  1974,  and  July,  1975.  Two  spoils  stations  (C6,  C4),  4 control  stations 
(C3,  E3,  A3,  C2)  and  one  river  station  (R4)  were  sampled  quarterly  for  bottom 
water  at  high  and  low  tides  and  for  top  sediments  during  the  15-month  period  of 
study. 

Sampling  technique.  Bottom  sediments  were  collected  with  a Smi th-Mc Intyre 
dredge.  The  top  centimeter  of  the  sediment  surface  was  removed  with  a sterile 
tongue  depressor  and  placed  in  a sterile  8 oz.  French  square  bottle.  Bottom 
water  samples  (one  meter  above  the  bottom)  were  collected  using  sterile  bag 
samplers  (General  Oceanics  Model  ^1030).  The  water  samples  were  then  transferred 
to  sterile  64  oz.  French  square  bottles.  All  sediment  and  water  samples  were 
immediately  refrigerated  and  analyzed  within  24  h and  12  h,  respectively.  The 
sediment  temperatures  were  measured  with  a YSI  Model  42SC  Telethermometer. 

Fecal  coliforni  enumeration.  FC  densitites  in  water  were  determined  using  the 
five-tube  most-probable  number  (MPN)  procedure  recommended  for  seawater  analysis  (1). 
MPN  procedures  for  the  enumeration  of  FC  in  sediments  have  been  described  in  a 
previous  paper  (2).  Lauryl  sulfate  tryptose  broth  was  used  in  the  presumptive 
test  with  confirmation  in  EC  broth  incubated  at  44.5  C in  a circulating  water  bath. 

I 

1. 

( 

5 




, I 

I 


i 


i merits 


CPO  954. 80S 


Fig.  2.  Disposal  area  locations  sampling  fecal  coliform  bacteria  in  sediments. 
Triangles  indicate  "spoils"  stationsi  circles  are  controls. 
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All  dilutions  used  0.1"  peptone  broth  as  the  diluent. 

Total  aerobic  plate  counts  were  performed  by  serially  diluting  known  volumes 
of  the  top  sediment  in  cold  sterile  peptone  water  and  surface  plating  onto  a mini- 
mal nutrient  sea  water  medium  with  incubation  at  20°C  until  maximum  counts  were 
observed,  usually  up  to  2 weeks. 

: RESULTS  AND  DISCUSSION 

: During  the  initial  FC  survey,  prior  to  dredging,  we  determined  that  it  was 

extremely  important  for  synopticity  to  sample  all  stations  within  a relatively 
short  period.  As  shown  in  Table  1,  there  was  a great  difference  in  FC  densities 
between  stations  in  transects  A and  C (sampled  June  26  and  27)  and  those  which 
were  in  close  proximity  in  transect  B (sampled  July  8).  To  determine  if  the  12-day 
interval  between  the  sampling  dates  was  a factor  for  the  difference  found  in  FC 
concentrations  between  these  proximate  stations,  all  of  these  stations  were  re- 
sampled on  July  30  and  the  FC  analyses  repeated.  The  data  obtained  from  resampling 
the  stations  (Table  1)  showed  a uniform  FC  distribution  pattern. 

Previous  work  (2,  6)  has  shown  that  the  stability  of  FC  counts  is  dependent 
upon  the  i_n  situ  sediment  temperature.  Our  studies  have  shown  that  the  FC  counts 
are  stable  for  two  to  four  days  at  20  C and  up  to  two  weeks  at  4 C.  In  this  study, 
the  mean  sediment  temperature  at  80  stations  sampled  during  the  initial  period  was 
15.7  + 0.65  C.  Therefore,  at  this  temperature,  there  was  a sufficient  time  interval 
between  the  sampling  of  the  transects  to  account  for  the  differences  found  in  the 
FC  concentrations.  In  any  regard,  in  the  initial  survey,  all  stations  along  a 
transect  were  sampled  within  one  day  so  that  the  comparative  relationships  between 
FC  concentrations  at  spoils  and  control  stations  along  a transect  would  not  be 
affected.  The  subsequent  quarterly  samplings  were  made  in  one  day,  and  the  July, 
1975,  samplings  were  completed  in  3 days. 
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TABLE  1. 

Comparison  of  fecal 

conforms  in 

sediments  from 

selected  stations  before  dredging 

operation  bega 

n 

Station 

Fecal  col iforms/100  ml 

June,  July  74^ 

July  30,  74 

A2 

1,720 

A3 

11 

5 

A4 

490 

33 

A5 

240 

330 

B2 

14 

490 

B3 

2 

170 

B4 

11 

49 

, B5 

14 

70 

C2 

700 

490 

C3 

4,900 

240 

C4 

2,200 

70 

C5 

3,300 

49 

C6 

220 

79 

C7 

330 

130 

CB 

490 

23 

E7 

26 

0 

EB 

109 

172 

F7 

26 

17 

R4 

22,100 

17,200 

® Sampling  dates:  A transect,  June 

26;  B transect 

and  Station 

P4,  July  B;  C transect,  June  27; 

E7,  E8  and  F7,  July  2. 
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Quarterly  distribution  of  PCs  in  sediments  during  the  15-month  sampling  period 
(Table  2)  demonstrated  no  significant  differences  between  PC  counts  in  the  spoils 
and  control  areas.  The  PC  concentrations  in  bottom  sediments  and  water  actually 
decreased  throughout  the  sampling  area  during  this  period  (Tables  2,  3).  During 
the  first  two  quarters  when  PC  densities  were  highest  in  the 

bottom  waters,  the  highest  counts  were  found  during  low  tide  when  river  water  inflow 
into  the  disposal  area  was  the  greatest.  This  factor,  along  with  the  high  PC  levels 
in  river  water  (Table  3),  indicates  that  the  outflow  of  water  from  the  Thames  River 
plays  a nvijcr  role  in  determininej  the  FC  cxonccntrations  present  in  the  sediment  at 
the  disposal  site. 

The  data  collected  from  the  comprehensive  sampling  accomplished  before  the 
dredging  operation  began  and  one  year  later  after  dredging  was  completed  (Table  4), 
showed  similar  geometric  means  for  PC  concentrations  at  the  spoils  and  control  area 
and  the  same  decrease  in  PC  counts  as  previously  described.  In  addition, the  PC 
densities  in  the  spoils  area  decreased  more  during  this  period  than  they  did  in  the 
control  area.  The  FC  counts  in  the  river  sediments  also  decreased.  The 

decrease  in  the  PCs  found  in  the  bottom  waters  of  the  river  and  the  disposal  site 
(Table  3)  were  probably  responsible  for  the  decline  of  the  PCs  found  in  the  top 
sediments. 

Our  data  indicate  that  the  deposition  of  material  dredged  from  the  Thames  River 
did  not  increase  the  PC  densities  in  the  sediments  of  the  New  London  dump  site.  Al- 
though the  FC  concentrations  in  the  Thames  River  sediments  prior  to  dredging  were 
high,  these  bacteria  are  present  only  in  the  upper  layer  of  the  sediment  and  are, 
therefore,  greatly  diluted  by  the  underlying  sediments  during  the  dredging  and 
dumping  operations. 

Table  5 presents  the  data  comparing  the  total  aerobic  plate  count  and  the 
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TABLE  2. 


Quarterly  distribution  of  fecal  coliforms  in  sediments 


Station 

Area 

Fecal 

col i forms/1 00  ml 

July  74^ 

Oct.  74 

Jan.  75 

April  75 

July  75 

Oct.  75 

C6 

Spoils 

220 

_.b 

49 

790 

310 

5 

33 

C4 

Spoils 

2,200 

70 

330 

221 

460 

33 

79 

C3 

Control 

4,900 

240 

220 

130 

330 

33 

33 

E3 

Control 

2,210 

-- 

490 

330 

330 

49 

70 

A3 

Control 

11 

5 

170 

33 

490 

14 

49 

C2 

Control 

700 

490 

3,300 

4,900 

490 

79 

79 

R4 

River 

22,100 

17,200 

79,000 

4,900 

70,000 

240 

27,000 

^ Selected  stations  sampled  twice. 
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TABLE  3.  Distribution  of  fecal  coliforms  In  bottom  waters  at  low  and  high  tides 


Station 

Area 

Fecal 

col iforms/lOO  ml 

July  74 

Oct. 

74 

May  75 

July  75 

Low 

High 

Low 

High 

Low 

High 

Low 

High 

A3 

Control 

8 

2 

11 

2 

_ _ 

E3 

Control 

79 

0 

8 

— 

0 

0 

— 

— 

C2 

Control 

__a 

-- 

8 

— 

2 

0 

8 

0 

C3 

Control 

49 

5 

13 

2 

2 

0 

5 

0 

C4 

Spoils 

5 

2 

0 

0 

0 

0 

C6 

Spoils 

2 

0 

8 

2 

0 

0 

0 

5 

R4 

River 

630 

790 

490 

172 

— 

130 

49 

130 

No  data. 
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TABLE  4.  Geometric  means  of  fecal  colifonn  counts  in 
sediments  before  and  after  phase  I dredging  operation 


Sampl ing 
area 

Number  of  stations 
sampled 

Geometric  mean 
Fecal  col iforms/100  ml 

July  74«  July  75 

Spoils 

17 

170 

6 

Controls 

13 

220 

40 

River 

5 

14,000 

810 

^ Includes 

FC  counts  of  stations 

sampled  twice,  six  in 

control 

area  and  nine  in  spoils  area. 
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idhlG  5 [Jistr ibii*  ion  of  tof  il  bictorial  counts  rind  focal  cnliforrris  in 

SO')  iiiiont  > I rniii  Thamos  Rivor-New  London  Dunpsite-  dunp  ?.6  ~ July  8,  ld/1 


Initial  Survoy 


Sta  tion 

Total  Plate 
X 10^* 

A1 

69 

A2 

no 

A3 

140 

A4 

140 

A5 

70 

A6 

100 

A7 

72 

A8 

85 

A9 

160 

B1 

33 

B2 

26 

B3 

36 

B4 

26 

B5 

15 

Cl 

130 

C2 

170 

C3 

160 

C4 

150 

C5 

95 

C6 

17 

C7 

95 

C8 

120 

C9 

93 

D2 

37 

03 

72 

04 

91 

05 

37 

El 

970 

E2 

260 

E3 

290 

E4 

160 

E^- 

250 

E7 

310 

E8 

150 

L9 

130 

F3 

140 

F4 

200 

F5 

890 

F7 

170 

F8 

no 

F9 

37 

R1 

2,650 

R2 

2,200 

R3 

1 ,080 

R4 

6,500 

R5 

930 

Count  Fecal  Col i forms 

/1 00  ml 

1 .300 
1 ,720 

11 
490 
240 
221 
790 
460 
1 ,410 
17 
14 
2 
11 
14 
172 
700 

4.900 

2,200 

3.300 
220 
330 
490 
490 
221 
172 
221 
130 

7.900 
2,400 
2,210 
1 ,090 

490 

26 

109 

22 

790 

460 

490 

26 

172 

172 

1 ,300 

4.900 
172,000 

22,100 

24,000 
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FC  count  in  the  top  sediments  obtained  from  the  stations  sampled  during  the  initial 
survey.  Analyses  of  total  aerobic  plate  counts  showed  no  set  pattern  of  distribu- 
tion. The  bacterial  densities  were  significantly  higher  in  river  sediments  than 
from  those  obtained  from  the  dumpsite  and  adjacent  area.  In  general  the  highest 
plate  counts  of  the  sediments  wtrt  observed  from  the  Northern  section  relative  to 
the  dumpsite,  indicating  contributions  of  the  river  outflow. 

Comparison  of  total  counts  with  the  fecal  coliform  counts  in  sediments  from 
each  station  did  not  yield  a high  degree  of  correlation. 


SUM-IARY 

Fecal  colifcrm  concentrations  in  surface  sediments  v.'ere  moni- 
tored at  the  New  London  dump  site  in  Long  Island  Sound  during  the  de- 
position of  the  dredge  spoils  from  the  Thames  River.  Although  the 
geometric  mtean  for  fecal  coliform  at  five  stations  in  the  river  was 
14,000/100  ml  before  dredging  commenced,  the  deposition  of  this  mater- 
ial did  not  increase  the  incidence  of  fecal  coliforms  at  17  experi- 
mental stations  and  13  control  stations  located  in  the  spoil  disposal 
and  surrounding  areas.  Fecal  coliform  analyses  of  Lottom  waters  dur- 
ing flooding  and  ebbing  indicated  that  the  outflow  of  water  from  the 
Thames  River  played  a major  role  in  determining  the  concentration  of 
fecal  coliforms  found  in  the  sediments  at  the  disposal  and  control 
sites.  Comparisons  of  the  total  aerobic  count  with  the  fecal  coli- 
form counts  with  sediments  did  not  yield  a high  degree  of  correla- 
tion . 
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f'.  SedimcMtH  and  Bc-nthic  Macrofauiia 
of  River  arid  Disposal  Area 

Robert  N.  Reid,  Ann  H,  Frame 
Nat  iotial  Oceanic  and  Atmospheric  Admits  i strat  ion 
Nat  iortal  Marine  Fisheries  Service 
Northeast  Fisheries  Center 
Sandy  Hook  Labftratory 
Hiqhlands,  NJ  07732 

INTRODUCTION 

Benthic  macrofauna,  due  to  their  relative  immobility  and  wide  range 
of  life  histories,  have  commonly  bcsen  hold  to  be  a most  api>ropriate  group 
of  organisms  for  use  in  biological  monitoring  of  impacts  (Wilhm,  1067; 
Ri.-ish,  1072;  Bctesch,  1074).  Knowledge  of  impacts  on  the  benthic  macro- 
fauna,in  turn, permits  estimation  of  effects  on  food  webs  used  by  resource 
species,  and  of  contaminant  flow  through  those  food  webs.  A number  of 
studies  have  (.‘x<imined  impacts  of  dredging  and  spoiling  on  the  tenthos; 
ji  comt^reiionsive  rt'Vicw  is  given  by  Morton  (1076). 

The  background  and  objectives  of  the  present  study  were  discussed  in 
thf*  general  Introduction  to  this  rejxjrt.  The  sediments  and  btuithic  macro- 
fauna project  concentrated  on  analysis  of  macrofauna  sami'les  taken 
quarterly  in  disposal  and  control  areas,  in  an  attempt  to  determine  the 
spatial  and  temporal  extent  of  any  disposal  effects.  Macrofauna  of  the 
Thames  River  wt.'re  studied  to  examine  dredging  impacts,  as  well  as  to 
d«!termine  whether  presence  of  riv€;;rine  fauna  in  the  disposal  area  could  be 


used  as  an  indicator  of  spoil  movement.  S<-diments  from  lx>th  river  and 
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disposal  aroa  woro  aiu»ly::td  to  trace  spoil  miqration  and  to  Letter 
understand  macrofaunal  distributions. 

Some  information  on  the  area's  sediments  and  bentl'.ic  macrofauna  was 
availal.le  prior  to  the  present  survey.  Asse.ssments  of  the  Thanes  River's 
sediments  and  biota  had  been  made  to  j redict  imi acts  of  the  dredginq, 
and  are  [resented  in  tl;e  N’ew  Ixjndon  Pinal  LIS  and  its  suriplemcint  (De- 
{ artinent  of  the  Navy,  1973,  1976).  An  inten.sive  environmental  survey 
of  the  river  in  the  vicinity  of  the  U.  S.  Coast  Guard  Academy  has  also 
been  comj  leted  (Tolderlund,  1975)  . In  t)ie  disi^osal  area,  the  l.'ortheast 
Fisheries  Center  (NKFC) , Randy  Hook  Laboratory,  has  studied  sedin.crts 
and  benthic  macrofauna  of  a station  0.4  nautical  miles  (n  mi),  (0.74  km) 
south  of  the  disjosal  buoy,  and  of  another  site  near  the  Tliames ' mouth, 
since  1972  as  [.art  of  a baseline  survey  of  the  benthic  ecology  of  Long 
Island  Sound  (Reid  et  al.,subm.  for  publ.) . The  Universitv  of  Connecticut 
(UCONN) , Avery  Point,  Groton,  Conn. , l.as  undertaken  a series  of  studies 
of  the  benthic  macrofauna  of  nearby  Fishers  Island  Sound  (Franz,  1976). 

In  a study  [ ertinent  to  the  [resent  work,  the  Naval  Oceanographic  Of- 
fice (1973)  conducted  surveys  before,  during  and  after  a "test"  dum[^  of 
3 3 

92,500  yd  (70,855  m ) of  s[ioils  from  the  Thames  at  the  New  London  Dump- 
ing Ground.  We  have  used  findings  of  these  surveys  to  hel['  establish 
"baseline"  conditions  for  assessment  of  effects  of  the  much  larger  pro- 
ject presently  under  study. 

Concurrently  with  our  monitoring  survey,  t)ie  Naval  Underwater  Systems 
Center  (NUSC)  had  been  investigating  currents  and  batliymetr ies  of  the 
dispo.sal  area  (Morton,  Cook  and  Massey,  1975).  Pertinent  results  of  tlie 
NUSC  studies  are  discussed  below. 
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mi;thods 

The  disposal  area  samjlinq  { altern  consisted  of  six  transects  of 
Ftations  radiating  out  from  the  disiosal  buoy  (Figure  1).  Station  X 
was  located  at  the  buoy,  and  othci  s wei  e establisl.ee]  at  distances  0.2-'’!, 

.5,  1 and  2 n mi  from  the  buoy.  Station  densit'/  was  highest  to  the 
north  and  west  of  the  disposal  f.oint;  this  reflects  the  fact  that  the 
literature  available  at  the  study '.s  inception  described  net  bottom  cur- 
rents in  eastern  Ijong  Island  .Sound  as  flowing  generally  to  the  northwest 
{Kiley,  1952,  195G;  Gross  and  Bumj'us,  1972).  More  recent  studies  concern- 
ed siecifically  with  the  I'ev  london  dumi)ing  grounds  (Morton,  Cock  and 
•Massey,  1975;  Hollman,  Section  C of  this  refort)  have  described  net  bot- 
tom movements  to  the  south  and  east.  Station  AlO  was  thus  added  after 
the  first  sampling  period  to  monitor  impacts  in  the  vicinity  of  Fishers 
Island.  Six  stations  in  the  Thames  River  (Rl-Rf.)  spaced  at  1-1.5  n mi 
intervals  from  the  river  mouth  to  0.7  n mi  above  the  northern  limit  of 
the  submarine  base,  were  also  occupded  (Figure  2) . These  stations  were 
located  immediately  outside  the  intended  dredging  areas,  so  that  impacts 
other  than  the  gross  removal  of  faunal  assemblages  with,  the  spoil  could 
be  examined.  A seventh  "river"  station  (R-7)  was  established  0.4  n mi 
east  of  the  seaward  end  of  the  river  channel.  In  all,  a total  of  46  sta- 
tions were  samp.led. 

Bottom  waters,  sediments  and  benthic  macrofauna  of  all  stations 
were  sampjled  at  least  six  times,  at  af>i)roximately  quarterly  (3  month) 
intervals.  The  baseline  samiding  was  conducted  from  26  June  to  12  July 
1974.  r^ates  for  subse<iuent  .samplings  were:  23  September  to  4 October  1974^ 
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20  January  to  4 FeLiruary,  21  April  to  1 May,  23  June  to  30  .luly  and 
23  September  to  1 October,  1975.  As  a rule,  SCTOA  surveys  to  observe 
sediments  and  meqafauna,  and  to  measure  sedimentation  rates,  followed 
shortly  after  the  remote  samplinqs.  Further  reference  to  these  sanj - 
linq  periods  will  be  by  tiie  month  in  which  a samplinq  beqan,  i.e.,  June 
1974. 

Station  location  was  achieved  by  combined  use  of  radar  and  fathomet- 
er, auqmented  by  horizontal  sextent  and  by  land  and  buoy  ranqes  when  pos- 
sible. Niskin  i)Ottles  were  used  to  collect  water  samj les  from  1 m above 
bottom  at  each  station  for  analysis  of  bottom  salinity  and  dissolved  oxy- 
qen  levels.  Salinities  were  determined  usinq  a Beckman  KS-7C  Induction 
Sal inometer . * The  azide  modification  of  the  Winkler  technique  (lunerican 
Public  Health  Association,  19C5) , with  FAG  tit>-ant  (Hach  Chemical  Co., 

Ames,  Iowa),  was  used  for  dissolved  oxyqen  determinations. 

2 

A Smith-Mcintyre  bottom  qrab,  samplinq  0.1  m of  sediment  surface, 
was  used  to  collect  five  replicate  samples  per  station  durinq  each  samp- 
linq period.  Bottom  temperatures  were  measured  by  insertinq  a thermomet- 
er into  the  sediment  of  the  qrab  s^unI>les.  A subsample  was  collected  from 
each  qrab  with  a plastic  corinq  tube  (3.7  cm  inner  diameter,  sam[  linq  to 
a depth  of  ca.  15  cm)  and  frozen  for  sediment  analyses. 

The  sedimentoloqy  (qrain  size  distribution,  % orqanics,  > carlxDnates) 
was  performed  under  contract  by  Dr.  James  Parks  and  Mr.  Alex  Kuq)\,  Lehiqh 


*Use  of  trade  name  does  not  imply  endorsement  by  the  National  Marine 
Fisheries  Service. 
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Lnivi  rr.ity,  Bethlehim,  Pa.  For  qrain  si?.e  analysis,  a [orfion  of  each 
coro  sami  If.  was  wt?t-sicved  throuqii  a f 2 yj  scrcon,  with  rotairicd  r-,at<  r- 
ials  tlien  sieved  tliroviqh  a series  of  12  screens  ranqinq  f ror  4 ran  to 
02  p mesh.  rii>ettt.-  analysis  was  used  to  detemine  the  coarse  silt,  fine 
silt  and  clay  fractions  of  the  <-02  p portion.  Calcium  carbonate  and 
orqanic  contents  were  determined  by  weiqht  loss  of  dried  samj  les  after 
treatm.er'.t  with  dilute  hydrochloric  acid  and  10%  hydrogen  jieroxide,  re- 
spectively . 

The  Mew  York  Ocean  Science  Laboratory  (NYOSL)  Montauk,  Long  Island, 

N.  Y.,  also  obtained  materials  from  the  cjrab  samples  for  analysis  of  sedi- 
ment constituents  and  of  heavy  metals  in  macrofauna  (Section  D) . The  re- 
mainder of  the  samj  le  was  rinsed  throucih  a 1 mm.  mesh  sieve,  with  the  re- 
sidue preserved  in  a 1:9  formalin  to  seawater  mixture  arid  later  transfer- 
red to  70%  ethanol  with  5%  glycerin. 

.'ramples  were  sorted  under  dissecting  microscopes.  Organi.sms  were 
identified  to  .spiecies  when  possible.  For  identif ication  and  nomencla- 
ture, we  consulted  pirimarily  Pottibone  (1957,  1963)  for  polychaetes; 

Abbott  (1954,  1968)  for  molluscs;  Schultz  (1969)  for  isopods;  McCain  (1968) 
and  Bousfield  (1965,  1973)  for  amiihipods;  Williams  (1965)  for  decapods  and 
Gosner  (1971)  for  other  taxa.  Confirmation  of  identifications  was  by 
one  of  the  authors  (ABF) . Certain  groups  have  been  omitted  from  the  mac- 
rofaunal  analysis  due  to  t)ieir  infrequent  occurrence,  piredominantly  plank- 
tonic nature,  uncertain  identification  and/or  difficulty  in  quantification. 
We  have  concentrated  on  four  invertebrate  classes,  F'olychaeta,  Gastropoda, 
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BivalvicT  and  Crustac«fa.  Tlieso  classes  toqcther  com[-rise  an  estimated 
of  si'ccies,  and  also  a qreat  majority  of  individuals,  of  macro- 
fauna (<  1 mm)  organisms  we  have  collected  in  the  New  London  area.  We 
also  h.ave  included  pycnoqonids , tunicates,  echinoderms,  sipunculids 
and  a single  anemone,  Metridium  senile,  in  our  analysis,  since  these 
forms  wore  numerous  enough  to  be  of  possible  ecological  imiKsrtance  at 
one  or  more  stations. 

It  has  not  been  possible  to  process  completely  all  the  benthic 
material  generated  by  ti.is  intensive  samplimj  program.  Vie  have  concen- 
trated our  efforts  on  selected  samples  from  among  three  groups  of  dispos- 
al area  stations:  1)  Those  in  the  sixjil  pile  or  its  immediate  proxim- 

ity; 2)  Stations  at  1 n mi  radii  from  the  disi^osal  buoy;  as  identified 
in  the  monitoring  criteria,  this  is  a critical  distance  in  terms  of  de- 
tecting imi  acts;  and  3)  "Control"  stations  2 n mi  from  the  disposal  buoy 
on  selected  transects.  Key  stations  from  these  three  categories  (Al,  A3, 
A9,  Cl,  C3,  C6,  C9,  F3  and  F8)  have  been  sampled  a seventh  and  eighth 
time,  in  February  and  in  September  1976.  As  a minimum,  these  stations 
will  be  resamt>led  yearly  to  assess  longer-term  impacts  and  recoloniza- 
tion . 


Species  diversities 
s 

(1963)  index:  II'  = 
uals  in  the  1 sjiecies. 
hereafter  termed  species 


were  calculated  using  the  Shannon  and  Weaver 
In  pj^,  where  Pj^  is  the  projxirtion  of  individ- 
H'  has  two  components:  number  of  sp'ecies  (S, 
richness),  and  equitability  ( J ' = H'/H'  max  = 


H'/ln  S)  (Piclou,  1975) . 


Equitability  is  a measure  of  the  evenness  of 


clistr il'ution  of  individuals  anonq  species.  Both  S and  J'  were  computed 
2 

for  each  0.1  n sample  processed,  as  was  number  of  individuals  (Ml. 

To  exam.ine  effects  of  si>oilinq  on  species  composition,  Q - mode 

cluster  analysis  (stations  compared  based  on  similarity  of  organisms 

found  there  - Or  loci,  19C7)  was  ijcrformod  on  all  June  1974  samples,  and 

results  compared  to  similar  analyses  of  June  1975  data.  Czekanowski ' s 

coefficient,  C = 2w/a+b  (Bray  and  Curtis,  1957)  was  used  to  measure 
z 

faunal  similarity  between  stations.  Here  "a"  is  the  sum  of  abundances 
of  all  species  found  at  station  A,  ”b"  is  the  sum  of  species  abundances 
for  station  B , and  "w"  is  the  sum  of  the  lower  of  the  two  abundance  val- 
ues for  each  si  odes  common  to  A and  B.  Abundances  were  transformed  by 
natural  logarithms  and  then  clustered  using  unweighted  pair  grouping 
(qroui<  average  sorting  - Sokal  and  Sneath,  1963) . 

When  ref'licate  grabs  were  processed,  mean  values  for  species  abun- 
dances were  used  in  the  cluster  analysis.  There  are  problems  inherent  in 
this  api  roach;  for  instance,  cumulative  S in  the  fiooled  grabs  was  always 
considerably  greater  than  S of  any  individual  grab.  This  could  invalidate 
direct  comparison  with  single-grab  stations.  To  m.ake  the  data  as  comiiar- 
able  as  ijossible,  for  each  replicated  station  we  eliminated  rare  species 
from  the  analysis  of  that  cutoff  density  at  which  cumulative  S remaining 
in  the  analysis  most  closely  api/roached  the  mean  S for  that  station  (i.e., 
at  Al  in  June  1974,  cumulative  S for  five  replicate  samples  was  42,  and 
mean  S,  23.4.  By  omitting  all  species  with  a mean  density  of  less  than 
1.2  individuals  per  0.1  m^ , cumulative  S for  the  cluster  analysis  was  re- 
duced to  23) . The  cutoff  densities  for  the  replicated  stations  ranged 
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from  O.C  to  1.4  individuals  i er  0.1  m , and  were  in  qcncral  quite  close 
to  the  1.0  r.inimun  density  of  unrcplicatod  samples.  We  did  not  follow 
the  jroceduro,  sometimes  used  in  cluster  analysis,  of  el  imir.atin<j  si  ec- 
ies  occurrinq  at  less  than  a siecified  percentaqe  of  stations.  Analy- 
ses were  run  on  an  IB.M  360-05  computer,  usinq  a i roqram  obtained  from 
Dr.  Donald  Boesch  of  the  Virqinia  Institute  of  Marine  Sciences,  Glou- 
cester Point,  Va.,  and  modified  by  Dr.  Donald  .Maurer,  Colleqe  of  Marine 
Sciences,  University  of  Delaware,  Dewes,  Del. 

RESULTS  AND  DISCUSSION 

Sediments 

The  typical  sediment  type  at  disposal  area  stations  prior  to  the 
present  spoilinq  was  silty  sand  (X  = 36,5%  silt-clay,  or  materials 
' 62.5  p)  , with  moderate  orqanic  material  (ranqe  0.1-8. 9%)  and  variable 
carbonate  content  (1.3-27.9%).  Stations  differinq  most  marl^edly  from 
this  description  were  A1  and  Cl,  where  sediments  were  almost  entirely 
medium  and  fine  sands,  and  F4 , with  78.6%  silt-clay.  The  disix3sal  buoy 
station,  C6,  had  a representative  iredisixisal  composition.  Table  1 
presents  the  grain  size  profile,  organic  and  carbonate  contents  of 
surface  sediments  at  C6  as  they  varied  during  the  course  of  our  study. 
Effect  of  spoilinq  is  shown  by  the  large  differences  in  grain  sizes 
between  June  (predisposal)  and  September  1974  after  dumping  had  already 
began;  all  subseejuent  samples  have  shown  size  distributions  very  similar 
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to  tho  .'(.'I  tuinl-'cr  1974  valuer:.  The  most  ohviou.s  change  is  the  in- 
crease in  silt.T  and  clays  with  si'Oiling.  All  Sei;tember  1974  and 
subsc(;uent  sami  les  from  C(>  contained  at  least  94^  silt-clay,  a value 
substantially  larger  than  that  of  the  i rodisposal  sediments  from  any 
station . 

Other  selected  stations  throughout  the  dispf.sal  area  were, 
therefore,  analyzed  for  change  in  percent  silt-clay  in  an  attempt  to 
detect  presence  and/or  spread  of  spoils.  As  Table  2 shows,  temporal 
variability  in  percent  silt-clay  was  high  at  many  stations.  This  var- 
iability is  partly  an  artifact  of  imjjerfect  station  relocation,  but  it 
also  demonstrates  the  real  "patchiness" , or  small-scale  sj^atial  hetero- 
geneity, of  disposal  area  sediments.  Large  differences  wore  found  even 
between  replicate  samples  taken  while  at  anchor  or  while  returning  to 
an  anchored  buoy  on  a single  tide.  Desi^ite  this  variability,  it  can 
be  concluded  from  Table  2 that  only  station  C6,  and  perha[*s  A5,  C7  and 
C8, showed  consistent,  long-term  increases  in  % silt-clay  indicative  of 
buildup  of  spoils.  Also,  if  at  any  time  the  bottom,  grab  had  encounter- 
ed a layer  of  ,si)oils  thicker  than  its  ca.  15  cm  sampling  dei  th,  the 
sample's  silt-clay  content  would  presumably  resemble  the  > '14%  val- 
ues at  C6.  This  was  not  found  for  any  disposal  area  sample  taken  out- 
side of  CO.  As  exp>ected,  silt-clay  content  of  ThamtiS  River  stations 
HI  - R5  (Table  2)  is  comparable  to  that  found  in  the  s[)oil  pile. 

Macrofauna  Community  Structure 

A total  of  340  grab  s.amplos  wore  analyzed.  Values  for  N,  S,  H' 
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Talilf  Tt-mpoi  .il  clianqt's  in  percent  silt-clay  (<0.0625  mm) 

ut  snr  fac»,‘  sed  iments  at  .selected  staMon.s  in  <iispo.snl 


.11  e.i  and  in 

I li  ■ imt  * s 

River  ("k" 

st.it ions)  . 

JUN 

SEP 

.IAN 

APR 

.TUN 

SEP 

-STATION 

1074 

1974 

1975 

1975 

1975 

197  5 

A1 

K.  A 

12.9 

11.6 

10.9'^ 

5.7-^ 

4.5^ 

A,1 

42.7 

15.4 

30.3 

5 1 . 9^ 

66 . 69 

38.29 

A4 

55.  3'* 

47.  1 

62.69 

59.0^ 

42.19 

AS 

52.4 

50.1 

41.9 

48.  l9 

89.0 

51.09 

A8 

25.0 

90.  ( 

91.8 

52.19 

40.89 

26 . 59 

AO 

37.4 

21 . 1 

38.0 

17.29 

27.69 

39.49 

B3 

42. 

27.1^ 

6 3.79 

32.4 

^ 31.2^ 

Cl 

7.7 

55.1 

17.  1 

26.59 

35.39 

47.9 

C2 

19.8 

C3 

41.9 

22.2 

24.7 

23.59 

24.2 

16. 7^ 

C-1 

32.2 

18.4 

32.7 

38.  l9 

55.29 

25.49 

C5 

67.1 

56.0 

43.6 

83.89 

4 3.09 

29.49 

C6 

45.6 

98.  3 

94.7 

94 . 59 

95.39 

97.29 

C7 

22.0 

58.2 

62.5 

84.89 

78.59 

52.49 

CH 

22.  1^ 

66.09 

79. 39 

72.99 

CO 

34.6 

49.5 

27.1 

48.09 

61. 19 

25.79 

El 

20.4 

16.2 

18. 49 

15.5 

21.29 

E8 

39.4 

EO 

14.8 

17.0 

11.29 

15.  1 

22.39 

F3 

38.6 

22.0 

24.8 

30.  39 

17.6 

14.49 

F4 

78.6 

37.4 

57.7 

76.19 

24.5 

32.  l9 

F8 

27.6 

39.  1 

43.7 

90.  l9 

44.59 

22.69 

K1 

97 . 8 

R2 

92.8 

R3 

97.5 

H4 

94.5 

K5 

93.1 

R6 

77.7 

R7 

32.7 

^f?an  of 

two  samples; 

^mean  of 

three  samj 

lies;  other 

values  ri'present  sitiqle 

core  samples. 


F-14 


a:ui  fi't  all  stations  and  ilates  processed  are  presented  in  Table  3. 

W!.*  re  rcilicate  samples  were  i roccssed,  values  rc{>orted  are  reans.  As 

the  .Tunc  1974  values  indicate,  the  ilew  London  area  supported  a fairly 

rich  and  diverse  fauna  at  the  time  of  the  baseline  survey.  The  over- 

2 

all  mean  N of  470.3  individuals/0.1  m was  comparable  to  densities  re- 
i<orted  for  Block  Island  Sound  (Steimle,et  al.l976)  and  Rhode  Island  Sound 
(Saila,  Pratt  and  Polgar,  1972)  though  it  was  somewhat  lower  than  den- 
sities found  in  the  soft-boetom  areas  of  Long  Island  Sound  in  1972 
(Reid,  et  al . , subtn.  for  publ . ) Mean  S (41.7)  and  H'  (2.44) 
were  higher  than  those  of  Rhode  Island  Sound  or  central  Long  Island 
Sound.  Diversities  were  similar  to  values  given  for  shallow  shelf 
areas  off  Virginia  in  Boesch's  (1972)  review  of  diversity  patterns. 

The  relatively  high  diversities  may  not  bear  a simj'le  relationship  to 
environmental  stability  or  "healtli",  however  (Goodman,  1975).  J' 
ranged  widely,  from,  .259  to  .878;  tlie  lower  values  coriesponded  to 
dense  populations  of  mussels  (at  Cl)  or  amphipods  (several  stations) . 
Sp'ecies  composition  is  discussed  in  more  detail  below. 

For  a statistical  examination  of  impiacts  of  spoiling  on  community 
structure,  we  calculated  ninety-five  percent  confidence  limits  or  CLs 
(taken  as  tiie  product  of  standard  error  and  tJie  appropriate  value  from 
a two  tail  t table)  for  stations  with  three  or  more  grabs  processed 
por  samj^ling  (Table  3).  Since  there  were  large,  apparently  natural, 
seasonal  changes  in  macrofauna  populations,  we  limited  comjTarisons  of 
the  data  to  the  same  montfis  in  .succeeding  years.  Brackets  are  used 


Table  3.  Mean  values  for  number  of  individuals  (N) , number  of  species  (S),  species  diversity  (if),  and 

equitability  (J’),  from  0.1  m^  Smith-Mcintyre  bottom  qrab  samples.  95*.  confidence  limits  given 
in  parentheses;  bracketed  values  denote  areas  in  whicti  confidence  limits  for  comparable  periods 
of  succeeding  years  do  not  overlap.  n = number  of  replicate  samples  used  in  calculations. 
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in  T.iLlf  3 to  indic.itf'  tho£:e  data  sets  for  which  the  cor.f idonce  Un- 
its Litwocn  comi  arable  iiriods  of  succeedinq  years  do  not  over  la]  . 

Tt  should  be  noted  tl.at  the  confidence  linits  are,  in.  qeneral  , quite 
wide  relative  to  the  neanr, . This  reflects  the  substantial  macrofaun- 
al  vai  lability  found  I'Ctweeti  qrabs.  This  variability,  and  underlying 
sediment  i atchiness  discussed  atx-ive , are  qreater  than  those  we  have 
observed  in  other  inshorf'  areas,  i.e.,  central  and  western  Long  Island 
Sound,  karitan  hay,  the  rjew  Jersey  coast  vNMFS,  unj ub . data).  This 
natural  variability  tends  to  obscure  any  sjoiling  imjacts;  effects 
must  be  cjuite  pronounced  before  t)ie  CLs  for  comjjarable  periods  become 
non-over lai'i  ing.  Thus  only  18  of  the  100  between-year  comp'arisons  in 
Table  3 showed  significant  differences  based  on  determinations  using 
CLs. 

Eight  of  the  significant  differences  occurred  at  ttie  disposal  buoy 
station,  C6.  Changes  in  N,  S and  H'at  CG  between  Junes  and  between 
Septembers  wore  all  significant;  N and  S were  also  significantly  dif- 
ferent between  Januaries.  The  between- Juno  changes  were  decreases 
from  "natural”  predisposal  populations  to  the  sp^arse  assemblages  of 
newly-dumpjed  sp^oils,  while  com[>arisons  of  the  otlier  mc^nths  show  signifi- 
cant increases  in  the  second  year  as  recolonization  pjroceeded.  This 
sequence  is  discussed  further  in  the  section  on  recolonization.  Sig- 
nificant changes  found  at  other  stations  are  as  follows: 

Control  stations,  2 n mi  from  disposal  buoy  - increase  in  N at 
A1 , and  decrease  at  El,  between  Junes;  increase  in  H'  and  J' 


at  Cl  between  Septembers. 
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"Cr : t r 1 ri"  sf<itions,  1 n mi  from  buoy  - incrc.isf'  in  IC  i)c--twocn 
.lanu.ir  i(>s , and  J'  befwnon  Set)tcmbcrs  and  b<*twc*fn  Januarios, 
at  A3;  incrpasn  in  N at  C3  be'tween  Januaries. 

Stations  within  1 n mi  of  buoy  - decreases  in  N and  S between 
dunes  at  K8. 

Tin're  m<iy  have  been  meaninqful  faunal  ciianqes  at  other  stations 
(i.e.,  C7)  which  are  not  list<>d  as  siqnificant  because  samples  were 
not  sufficiently  replicated  to  permit  95%  CL  treatment.  Our  overall 
conclusion  from  Table  3,  however,  is  that  spoilinq  appeared  to  have  no 
major  impacts  on  community  parameters  which  could  be  separable  from  ap- 
parently natural  fluctuations,  at  distances  >1  n mi  from  the  disposal 
buoy.  The  few  control  station  chanqes  which  were  found  to  bo  siqnifi- 
cant  at  95%  CLs  showed  no  clear  pattern  of  increase  or  decrease.  Siq- 
nificant chanqes  at  the  1 n mi  stations  were  increases  in  N,  H'  and  J' 
whereas  spxiilinq  impiacts  should  appiear  as  decreases,  at  least  for  H' 
and  J'.  Decreases  are  found  where  larqe  quantities  of  spoil  are  present 
as  at  C6  - here  the  fauna  has  obviously  been  directly  impacted  by  burial, 
and  perhajis  also  by  contaminants.  At  stations  close  to  the  disposal 
[«int,  where  apparent  decrease  in  faunal  p'arami'ters  have  taken  pilace  in 
the  absence  of  detectable  buildup  of  s[K>ils  (as  at  E8) , the  possibility 
of  contaminant  influer  es  cannot  be  discounted. 

We  also  examined  areal  variations  in  faunal  chanqe  by  dividing  the 
stations  listed  in  Table  3 into  four  groups,  based  on  distance  from  the 
dispjosal  {xiint,  and  calculating  mean  N,  S,  H'  and  J'  + 95%  CLs  for  each 
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qrou{’,  as  woll  as  overall  means  for  all  stations,  for  June  1974  vs, 

June  1975  (Table  4)  . Groups  art;:  control  (2  n mi  from  disjosal  buoy)  ; 

1 n mi;  1/2  n mi;  and  inner  ( <_l/4  n mi)  stations.  Sul;stantial  chang- 
es between  Junes  are  seen  for  all  <;roups.  As  a rule,  magnitude  of 
change  was  in  the  order:  inner,  control  1/2  mi,'*  1 mi.  Cbs  within 

any  group  of  stations  are  wide,  again,  partly  due  to  the  area's  faunal 
patchiness.  In  no  case  do  within-group  rps  fail  to  overlap  between 
Junes.  Tills  is  true  even  for  the  inner  group,  where  some  sjxiiling  im- 
jjacts  are  definitely  present;  in  this  case  impacts  are  masi^ed  by  in- 
clusion in  the  data  of  station  C5,  which  underwent  little  change  bet- 
ween years.  Overall  mean  N did  show  significant  change  between  June 
1974  and  June  1975.  Such  fluctuations  in  H are  not  unexpected;  Buchanan, 
Kingston  and  Shcader  (1974)  report  natural  changes  of  100%  in  faunal 
density  in  a long-term  monitoring  study  off  Northumiierland , England. 

That  the  changes  at  New  bondon  are  apparently  random  over  space,  rattier 
than  displaying  a gradient  of  intensity  relative  to  the  disposal  joint , 
again  indicates  tiiat  sjoiling  imjiacts  on  N,  S,  H’  and  J'  are  small  in 
comparison  to  natural  fluctuations. 

Since  subtle  changes  in  these  p'arameters  may  not  bo  uncovered  by 
the  95%  CL  treatment,  they  are  also  presented  graphically  (figures  3-5) , 
for  13  re{<rcsentative  stations,  for  possible  detection  of  sjioil-related 
trends.  Decreases  in  faunal  density  after  the  onset  of  sjoiling  (Fig- 
ure 3)  are  clearly  evident  at  CC,  and  may  also  be  jiresent  at  C8,  A3 
and  El.  Decreases  in  species  richness  (Figure  4)  may  have  occurred 
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at  Ct; , I I and  F9  it.  addition  to  the  larMc  clianqes  at  cr. . riotal  lc 
dtclinos  in  diversity  are  a]  i -arent  oitly  at  CC . The  overall  jattern, 
again,  is  one  of  random  changes,  ratlier  than  oi vious  spoil-related 
effects  outside  of  t!io  immediate  disposal  area.  No  striking  chang- 
es in  SI ocies  diversity  (Figure  5)  are  evident  except  at  the  disposal 
point  itself. 

Kacrofauna  Species  Composition 

Spoiling  imi'acts  could  also  be  manifested  through  changes  in  the 

s.necies  present  or  siiifts  in  their  relative  abundances  at  affected 

stations.  We  examined  this  possibility  in  two  ways:  1)  by  comi  arison 

2 

of  abundances  of  "common"  species  (those  with  mean  N 10/0 . 1 m at 
any  station  for  either  year)  between  June  1974  and  June  1975;  and  2) 
by  comparing  cluster  analyses  (which  include  all  species  with  mean 
abundances  of  ai-’proximately  1 or  greater  p'or  0.1  m^ ; see  Methods)  for 
the  same  dates.  Densities  of  the  common  sjiecies,  at  stations  grouped 
according  to  distance  from  the  disposal  point,  are  given  in  Table  5. 

It  can  be  seen  tiiat  prodisp<osal  assemblages  at  most  stations  were 
dominated  numerically  by  tube-dwelling  amjJiii'od  crustaceans,  includ- 
ing Ami^clisca  vadorum  (the  overall  dominant)  , Lei  tochci rus  pinguis , 
Unciola  ir rorata  and  Photis  dentata . Most  abundant  among  other  taxa 
were  the  polychaotes,  Clymenella  torguata , C.  zonal is,  Tharyx  annulosus 
and  Lumbr iner is  tenuis , and  bivalves,  My tilus  edulis  and  Musculus  cor- 
rugatus . Earlier  surveys  in  the  disposal  area  had  also  found  assem- 


blages to  be  dominated  by  Ampel isca  in  1972  and  1973  (Naval  Oceano- 
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qraphic  Office,  1973;  Reid,  et  al.,  subm.  for  publ . ) 

by  June  1975,  densities  of  /■jn[)elisca  vadoruin  were  reduced  at  sev- 
eral stations  near  the  dump  site  (CS,  F4  and  A3,  in  addition  to  C€  and 
C7 , where  nearly  all  species  showed  declines).  Populations  of  A.  vador- 
um  increased  at  other  stations  near  the  spoil  pile,  however  (C5,  F8) . 

It  thus  appears  that  overall  densities  of  this  dor  inant  amphipod  were 
little  affected  by  spoiling.  Conversely,  numbers  of  Lertocheirus  pin- 
nuis , Photis  dentata , My tilus  edulis , Husculus  corruejatus  and  Unciola 
irrorata  decreased  throughout  tlie  study  area.  Of  the  jjredisf'osal  domin- 
ant ;olychactes,  I.umbr ineris  tenuis  and  Tharyx  acutus  showed  no  major 
differences  between  Junes,  while  Clymenella  torquata  and  C.  zonal is  de- 
creased at  most  stations  witliiri  1 n mi  of  spoiling  but  not  at  or  beyond 
1 n mi  . 

Other  noteworthy  decreases  l>etween  years  were  for  the  polychaete, 
Autolytus  alexandr i , and  caprellid  amjhipod,  Aeg inir.a  longicornis  (all 
areas)  , and  polycliaete,  Harmothoe  extenuata , and  amphipod  Phoxocejihalus 
holbolli  (within  1 n mi  of  spoiling) . Prionospio  steenstrupi , a {>oly- 
chaete,  v/as  the  sole  species  with  substantial  increases  at  most  sta- 
tions in  June  1976.  Although  this  increased  abundance  is  perhaps  a 
Iiossible  iridicator  of  spoiling  impacts,  an  extensive  larval  set  of  this 
species  may  be  another  explanation.  The  same  may  also  apply  to  Nucula 
1 rox ima  and  !1.  delphinodotita , two  bivalves  found  in  the  Thames  River 
l.ut  not  common  in  tl>e  disposal  area  in  June  1974.  There  may  liave  been 
ir.  inrr<-a.se  in  these  species,  indicative  of  presence  of  sjioils,  at  sev- 


I 
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I lol  stations  by  June  1975;  the  data,  however,  are  not  conclusive. 

These  chanqes  in  species  com{>osition  may  imply  greater  sr-oiling 
effects  than  the  analysis  ot  W,  S,  H'  and  d'  had  disclosed,  the  trend 
was  for  taxa  which  are,  on  the  whole,  considered  sensitive  to  stress, 
such  as  amphipods,  to  decrease  throughout  the  2 mi  radius  study  area, 
while  the  generally  stress-trlerant  polychaetes  usually  iiad  decreases 
confined  to  within  one  mile  of  spoiling,  showed  no  chanqes,  or  in- 
creases. Those  patterns  could  be  explained  by  a gradient  of  spoiling 
impacts  spreading  outward  from  the  disposal  f>oint.  A number  of  caveats 
to  this  interpretation  must  be  mentioned,  however.  The  r'roblems  of 
faunal  patchiness  and  natural  yearly  fluctuations  ap«ply  liere  as  they 
did  in  the  discussion  of  community  parameters.  The  Juno  1975  samples 
w(;re  taken  only  10  montlis  after  spoiling  began;  some  spoiling  impacts 
might  only  be  manifested  over  a much  longer  j^eriod  of  time.  That 
Ampelisca,  knovai  to  be  sensitive  to  some  contaminants  (Sanders,  Grassle 
and  Hampson,  1972),  was  unaffected,  and  that  both  Ampelisca  and  Lei-to- 

cheirus  readily  recolonized  the  spoils  (see  below)  is  evidence  against 
any  gross  toxicity  of  spioil  constituents.  The  strongest  statement  war- 
ranted by  the  available  data  is  that  some  changes  in  species  composi- 
tion, which  may  be  disj)Osal-related,  tiave  occurred  outside  of  the  im- 
mc-diate  spoil  pile. 

A station-by  station  examination  of  the  species  changes  presented 
in  Table  5 shows  the  following  ai’proximnte  order  of  decreases  in  common 
species:  Cf>  > C7  >C5,  C8  -^04,  t;4 , KB,  wiUi  no  consistent  pattern  of 
change  at  stations  further  removed  from  spoiling.  The  order  (greatest 
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effects  at  1/4  n mi  were  at  C7 , and  at  1/2  n mi,  C8)  suqcjests  that  at 
a qiveri  distance  from  the  release  point,  changes  are  greatest  in  a 
southeast  direction.  Tliis  agrees  with  the  direction  of  net  bottom 
currents  measured  for  the  disposal  area  (Morton,  Cook  and  Massey,  1975; 
Section  C of  tliis  report)  . 

A second  means  of  comparing  species  composition  for  June  1974 
vs.  June  1975  is  through  cluster  analysis.  Q-mode  dendrograms  for 
these  two  samj.>ling  periods  are  presented  in  Pigure  P.  The  June  1974 
(l-'re-dr edging)  dendrogram  shows  species  composition  at  Station  CG, 
the  future  disposal  point,  to  be  closely  related  to  that  at  a number 
of  ot)ier  stations.  C6  clusters  with  Cl,  E4 , C8,  A3  and  e;8  at  a percent 
similarly  (PS)  level  of  >70%,  and  with  C4 , F3,  C3  and  C5  at  60%.  By 
comparing  Figure  6 with  Table  5,  it  can  be  seen  that  dominance  by 
cunphii'Ods  was  a major  contriljutor  to  the  similarity  of  all  tliese  sta- 
tions except  C3  and  C5.  Stations  with  high  PS's  also  tended  to  be  phy- 
sically closer  together;  the  control  stations,  at  2 n mi  radii  from 
CG,  had  among  the  lowest  PS's,  generally  followed  by  1 n mi  stations. 

Comparison  with  the  June  1975  dendrogram  shows,  as  expected,  a 
large  cliange  in  species  composition  at  CO  relative  to  that  at  other 
disposal  area  stations.  In  June  1975,  C6  had  a PS  of  >40%  to  only 
one  other  station.  Cl,  also  located  in  the  spoil  pile.  C6  and  Cl  were 
quite  dissimilar  to  t)ie  remaining  stations  joining  the  larger  cluster 
at  tile  24%  level.  Spoiling  imjiacts  at  ot.'.er  stations  might  tlius  apj'car 
as  a weakened  affinity  to  tlie  central  cluster  which  had  been  present 
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in  Jur.o  l‘J74,  and  ijerhaps  also  as  some  degree  of  similarity  to  the 
altered  assemblages  at  Cb  and  C7 . Station  C5,  and  possibly  A3,  do 


i 
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show  a decreased  similarity  to  the  central  cluster;  in  fact,  there 
is  a slightly  lower  overall  similarity  among  stations  within  this 
cluster.  No  tendency  to  approach  the  species  composition  of  C6  and 
C7  is  evident,  however.  On  the  whole,  species  compositions  as  re- 
flected by  order  of  clustering  and  degree  of  similarity  do  not  appear 
greatly  clianged  between  June  1974  and  June  1975. 

Reco Ionization 

Recolonization  of  the  spoil  pile  has  been  followed  th.rouch  Sep- 
tember 1976,  25  months  after  onset  and  14  months  after  tennination  of 
spoiling.  Station  C6 , in  the  apiproximate  center  of  the  spoil  pile,  has 
been  .sampled  eight  times.  Sampling  dates,  and  mean  values  obtained 
for  N,  S,  H'  and  J‘,  are  given  in  Table  3 and  Figure  7.  As  Table  3 
indicates,  June  1974  (predisiiosal)  samples  at  C6  were  representative 
of  the  Hew  London  area  in  terms  of  H,  S,  H'  and  J'.  Species  comiosi- 
tion  was  also  typical  of  the  area,  with  dominance  by  tube-dwelling 
amphipods.  Figure  7,  tracing  the  temporal  changes  in  N,  S and  H'  at 
C6,  reveals  that  all  these  faunal  parameters  had  dropped  precipitously 
by  September  1974.  Sami'les  taken  at  tliat  time  consisted  of  freshly- 
de{x3sited  spoils  containing  few  or  no  macrofaunal  organisms.  There 
was  little  change  in  the  fauna  at  C6  through  the  April  1975  samj'les, 
but  an  upward  trend  in  N,  S and  H'  was  apparent  by  June  1975,  and  by 
September  1975  all  values  were  significantly  higher  (95%  CLs)  than 


F-37 


for  the  ircccdinfj  Septcnber,  January  or  April.  Hecolonization  pro- 
ceeded through  winter  1975-76.  By  September  1976,  moan  N was  greater 
than  it  had  been  in  the  predisposal  samples. 

The  recolonizinq  organisms  were  dominated  by  Ampelisca  vadorum 
and  Leptocheirus  pinguis,  as  predisposal  assemtdages  had  been.  SCUBA 
surveys  made  in  October  1975  revealed  that  popiulations  of  tube-dv;ell- 
inq  amphijjods  were  reestablished  over  much  of  the  spoil  pile,  as  well 
as  at  the  disposal  buoy) . Reappearance  of  these  species  is  signifi- 
cant for  a number  of  reasons.  First,  as  noted  above,  they  are  thought 
to  be  sensitive  to  environmental  contamination.  Their  presence  on  the 
sj'oils  may  be  taken  as  evidence  that  contaminants  are  at  tolerable  lev- 
els. Second,  amphipod  tubes  have  been  demonstrated  to  stabilize  sedi- 
ments (Mills,  1967).  They  may  thus  inhibit  erosion  of  the  sp>oil  pile 
while  modifying  the  benthic  environment  to  promote  further  recoloniza- 
tion . 

Thirdly,  although  ampeliscid  amphipods  have  been  shown  to  appear 
early  in  a se<]uence  of  species  colonizing  new  environments  (Fisher, 

1973) , they  are  also  dominant  members  of  what  appear  to  be  "Climax"  assem 
blages  in  silty-sand  sediments  of  eastern  Long  Island  Sound  (Reid,  et  al. 
suljfii.  for  publ.)  as  well  as  in  neighlaoring  Block  Island  Sound  (Steimle, 
et  al.,  1976),  Rhode  Island  Sound  (Saila,  I’ratt  and  Polgar,  1972), 
and  the  northeastern  continental  shelf  in  general  (Pratt,  1973) . Tliat 
these  species  are  early  colonizers  at  New  London  may  indicate  tliat 
recovery  toward  predisjjosal  conditions  will  be  relatively  rapid.  In 
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Rhode  rsltUid  Sound,  1 i scids  had  recojonizcd  an  edqe  of  the  spoil 

pile  (which  may  have  boon  relatively  free  from  active  spoil inq  for  as 
much  as  three  years)  wliile  spoiling  was  still  ongoing  elsewhere  in  the 
disposal  area  (Saila,  Pratt  and  Polgar,  1972).  A year  later,  on  the 
,imphipod-domi natod  fringe  of  the  spoils,  "many  spoil  samples  contained 
30-40  s[iecies  and  are  not  se|jarable  from  natural  bottoms  on  the  basis 
of  species  numbers  alone"  (Pratt,  Saila  and  Sissonwine,  1973) . Wo 
expect  a similar  pattern  of  recoloni zation  for  the  Now  London  spoils. 

The  Naval  Ocoanograpliic  Office  (197  3)  study  revealed  a marl<ed  recovery 
of  bf>nthic  fauna  within  six  months  after  termination  of  a smaller  dis- 
(losal  project  at  New  London.  Ampcliscid  amphipods  es[.)ecially  had  re- 
established themselves,  often  in  greater  numbc'rs  than  wore  found  prior 
to  disposal. 

Finally,  both  Ampe 1 isca  and  Leptochoirus  are  important  in  tlie 
diets  of  several  of  the  area's  more  valuable  f infish  species,  such  as 
winter  flounder  and  scup  (Section  G of  this  report,  and  Steimle,  et  al., 
197b).  The  early  reappearance  of  these  forage  s[)ecies  imfjlies  that 
overall  jjroduct i vi ty  of  the  New  London  area  would  not  show  lasting 
effects  of  the  disposal  of  the  first  increment  of  Thames  River  spoils. 

An  interesting  finding  from  Section  G of  this  report  was  tlio  heavy  pre- 
dation by  demersal  fish  on  a si)ecies  of  Gammar  us  (Amidiipoda)  wliicli  was 
not  commonly  collected  in  benthic  sampling.  This  species  may  have 
bt;en  one  which  is  mtjre  pelagic  than  most  of  tlu^  genus  (Housfield, 

1973),  or  perhaps  the  fish  sampled  had  also  been  feeding  elsewtiere. 
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SUWViRY 

1.  Sediments  and  benthic  macrofauna  of  the  Thames  River  and  'lew  I<on- 
don  disposal  area  were  sampled  on  an  approximately  quarterly  basis 
between  June  1974  and  SoptemJ-ier  1076  to  monitor  spread  of  spoils 
and  impacts  on  benthic  communities. 

2.  Four  stations,  all  ^1/2  n mi  of  the  designated  disjosal  point, 
consistently  had  increased  silt-clay  percentage,  indicative  of 
spoil  buildup,  after  disposal  began.  Use  of  sediment  data  to  de- 
limit the  sijoil  pile  was  made  difficult  by  sampling  variability 
and  spatial  heterogeneity  of  the  sediments. 

3.  Hacrofauna  community  structure  analysis  showed  large  changes  in 
faunal  densities  over  space  and  time,  with  slightly  smaller  fluc- 
tuations in  numbers  of  species,  species  diversity  and  eejui tabi lity . 
Outside  of  the  immediate  spoil  pile,  changes  appeared  random  rela- 
tive to  distance  from  the  disposal  buoy.  It  was  thus  concluded 
that  spoiling  impacts  were  small  in  comparison  to  jossible  natural 
fluctuations  and  spatial  heterogeneity  for  the  study  area  as  a 
whole. 

4.  Observed  changes  in  species  comixasition  may  indicate  slightly  great- 
er spoiling  impacts  than  were  revealed  by  analysis  of  N,  S,  I!'  and 
J'.  Changes  in  s{>ecios  composition  could  thus  be  a more  sensitive 
measure  of  spoiling  effects. 
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5.  Significant  recolonization  of  the  si>oil  pile  was  seen  within  13 
months  of  the  onset  of  disi-osal.  Numbers  of  species  and  individ- 
uals continued  to  increase  through  the  September  197t  samjjling. 
Dominant  recolonizing  forms  were  those  which  had  characterized 
predis]>osal  communities  in  the  area.  Fairly  complete  and  raj.-id 
recovery  from  tlie  first  increment  of  spoiling  was  predicted. 
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G.  PfM-RSAL  FINFISJJ  OF  DISPOSAL  ARIiA 
Robert  J.  Valenti,  Ph.D.  and  Stephen  J.  Peters 
New  York  Ocean  Science  Laboratory 
Montauk,  N.Y.  11954 


INTRODUCTION 

The  Fisheries  Laboratory  of  the  New  York  Ocean  Science  Laboratory,  under 
contract  from  (NOAA)  National  Oceanic  and  Atmospheric  Administration, 
sampled  the  demersal  fish  population  in  the  area  of  the  New  London 
Disposal  Site  during  four  cruises:  before  disposal  in  duly,  1974,  during 
disposal  in  October,  1974,  and  again  in  February,  1975,  and  after  completion 
of  the  disposal  in  August,  1975.  Sampling  was  conducted  at  nine  stations 
chosen  from  those  previously  used  for  sampling  of  benthic  invertebrates 
(Figure  1) . The  selection  of  these  stations  was  based  upon  their  proximity 
to  the  site,  bottom  type,  water  depth  and  direction  of  prevalent  tidal 
currents . 

METHODOLOGY 

Sampling  of  demersal  fish  populations  at  the  New  London  Dump  Site  was 
conducted  on  four  cruises:  18-19  July,  1974;  9-11  October,  1974;  18-19 
February,  1975;  and  4-6  August,  1975. 

Trawls  were  made  using  a 35'  lead  rope  otter  trawl  (2"  s.m.  body,  1"  s.m. 
cod  end  with  1/4"  s.m.  liner)  at  nine  stations  (Figure  2).  The  duration 
of  tows  was  for  a period  of  fifteen  minutes  when  conditions  permitted. 
Triplicate  tows  were  made  in  July,  1974  at  Stations  A4,  C2,  C6;  in  October, 
1974  at  A2,  A9  and  C6;  and  in  February,  1975  at  Stations  A2  and  C2.  In 
August  triplicate  tows  were  made  only  at  Station  A9.  Duplicate  trawls  were 
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made  in  -July,  1974  at  Station  A4 ; in  October,  1974  at  C2;  and  in 
February,  1975  at  C6. 

Physical  parameters  recorded  before  each  tow  included  water  column  depth, 
bottom  temperature,  and  bottom  salinity  (Table  1).  Depth  and  temperature 
were  obtained  via  bathythermograms . * Water  samples  were  taken  using  a 
5 liter  Niskin  bottle  and  salinities  measured  with  an  induction  salinometer. 

All  fish  captured  were  identified  and  enumerated.  A representative  sample 
of  each  species  was  kept  for  laboratory  analysis,  which  included  measure- 
ments of  standard  length  (mm)  and  total  weight  (g)  for  each  fish.  Gonads 
were  excised,  weighed  and  the  gametes  were  examined  under  a microscope 
to  determine  sex.  Stomachs  were  removed  and  contents  were  identified 
to  the  lowest  possible  taxa  and  each  taxonomical  group  was  weighed 
(Figures  3-16) . The  stomach  contents  were  removed  from  those  fish  caught 
at  the  following  stations:  A9  which  is  east  of  the  Disposal  Site,  C6  which 
is  the  Disposal  Site  and  C2  which  is  west  of  the  disposal  area  (Figure  1). 
Ages  were  calculated  by  counting  annual  rings  on  scales  and/or  otoliths 
depending  upong  species  (Table  10).  Male  to  female  ratios  were  also  re- 
corded (Table  2). 

RESULTS  AND  DISCUSSION 

The  mean  total  catch  was  1,577  fish  which  were  collected  over  the  four 
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Bathythermograph  manufactured  by  Belfort  Instrument  Co. 
Induction  salinometer  manufactured  by  Beckman  Instruments  Co. 
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Tabic  1 

Mean  Bottom  Depth,  Temperatures  and  Salinity 


N.S. 

= Not  sampled 

.July  1974 

Station 

1 

Depth (m) 

Bot  tom 

Temperatures  (°C) 

Bottom 

Salinity  {°/oo) 

A2 

24 

16.8 

50.554 

A4  __  ^ 

20 

17.1 

30.374 

^\8 

22 

17.5 

30.274 

A 9 

18 

17.7 

30.104 

C2 

18 

17.6 

30.050 

C6 

22 

17.0 

30.386 

hi) 

23 

16.5 

30.898 

1-4 

16 

17.9 

30.212 

F8 

20 

17.2 

30.193 

October  1974 


Stat ion 

Depth (m) 

Bottom 

Temperatures  (°C) 

Bottom 

Salinity  {°/oo) 

A2 

18 

16.3 

31.634 

A4 

18 

16.6 

31.252 

A8 

17 

16.8 

31.308 

A9 

16 

16.6 

31.440 

C2 

11 

16.2 

31.298 

C6 

19 

16.6 

31 .326 

li9 

N.S. 

N.S. 

N.S. 

F4 

14 

16.4 

31 .448 

F8 


21 


16.6 


SI .182 
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Table  1 (cont.) 


l-clu'uary  19  7 5 


St  at i on 

|)cpth(m) 

Bottom 

Temperatures  (°C) 

Bottom 

Salinity  {°/°°) 

A 2 

17 

01 

31.034 

A4 

19 

S.4 

30.967 

AS 

18 

4.0 

30.969 

C2 

N.S. 

N.S. 

30.920 

C6 

18 

.S.5 

30.903 

T.8-K9 

2n 

3.4 

30.859 

T4 

10 

3.9 

30.965 

f-8 

19 

3.0 

30.743 

August  1975 


Station  l)epth(m) 

Bottom 

Temperatures  (°C) 

Bottom 

Salinity  (°/oo) 

A2  20 

18.8 

30.484 

A4  22 

17.0 

29.758 

A8  20 

18.5 

30.722 

A9  20 

19.0 

30.619 

C2  15 

20.0 

30.733 

C6  18 

20.0 

30.618 

1-9  25 

17.5 

31.055 

T4  18 

18.9 

30.769 

l-S  22 

18.1 

29.770 
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I'ablc  2 

Male  :V'cmalc  Ratios  for  13  Sjiccies 
collected  at  3 stations 


Iota 

Is  per  station 

All  Stations  I 

Species 

TTT 

n 

CG 

! 

‘‘  1 

TautOija  onitis 

0:2 

1:0 

i 

1 

1:2 

St eno tonus  ahrusops 

10:6 

8:2 

3:1 

21:9 

Raja  erinioea 

1 :8 

1:4 

, 3:8 

5:20 

Tautopo laivus  adspersus 

2:1 

3:5  ^ 

3:1 

8:7 

4 

ParaliahthjS  dentatus 

1:3 

1:3 

Soophtlialmus  aquosus 

12:11 

1 :2 

4:2 

17:15 

I'seudopleuroncates  ameriaanus 

22:20 

14:13 

19:31 

55:64 

i'rionotus  aarolinus 

1:1 

4:1 

0:1 

5:3 

t’lonaaunthus  hisjddus 

1 :0 

1 :0 

Menidia  menidia 

2:2 

2:2 

Henitpipterus  emeviaanus 

0:1 

0:1 

Frineotes  maculatus 

1:0 

1 :0 

. Mijoxoacphalus  octodeaemspinosus 

0:2 

0:2 

1 

1 

19:52 

35:30 

33:44 

117:128 
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saniplinqs  (Tables  3-7).  This  value  included  duplicate  and  triplicate  tows. 
The  ;unount  of  fish  caught  in  July  before  disposal  activities  began,  com- 
prised 5‘).4"o  of  the  total  catch.  The  catch  in  October,  1974  and  F'ebruary, 
1975,  during  the  disposal,  represented  16.6%  and  fa.6"o,  respectively.  The 
August,  1975  siimpling,  which  took  place  after  completion  of  disposal, 
accounted  for  17. (iT  of  the  catch,  a slight  recovery. 

The  seasonal  and  spatial  distribution  that  is  discussed  represents  a mean 
value  in  order  to  standardize  the  results  obtained  from  single  and  replicate 
trawls . 

Ihe  mean  numbers  of  fish  caught  in  July,  1974  and  August,  1975,  were  835 
and  393,  respectively.  Therefore,  a substantial  portion 

(78°o)  of  the  fish  caught  were  taken  either  before  or  after  completion 
of  disposal  activities.  For  all  fish  captured  on  the  New  London  Disposal 
Site  Project  (Table  7,  Figure  17),  the  largest  value  of  fish  (N=257)  was 
collected  at  Station  C6  in  July,  1974.  This  station  was  later  the  center 
of  disposal  activities.  Sampling  at  this  station  during  disposal  resulted 
in  no  yield.  Overall  comparisons  of  catches  at  all  stations  from  July, 

1974  and  August,  1975  resulted  in  the  August  catch  being  less  with  the 
exception  of  A8.  The  station  yielding  the  least  amount  of  fish  over  the 
entire  sampling  was  E9. 

The  mean  catch  per  hour  for  nine  species  of  fish  can  be  seen  in  Table  8. 


Mean  Number  of  Fish  Captured  Trawling 
Julv  1974 
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Table  7 

Mean  Total  Catch  Per  Station  Per  Sampling 
N.S.  = Not  sampled 


Station 

July  1974 

— 
October  1974 

P 

February  1975  1 

1 

August  1975 

Total 

A2 

39 

39 

0 

0 

78 

A4 

28 

31 

0 

5 

64 

A8 

85 

27 

35 

194 

341  1 

, A9 

82 

30 

18 

40 

170  ' 

1 C2 

56 

25 

4 

8 

93 

C6 

257 

3 

4 

77 

341 

19 

3 

N.S. 

2 

2 

7 

F4 

137 

74 

21 

18 

250 

F8 

148 

26 

10 

49 

233 

Total  835  255  94  393  1577 
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The  species  included  are  winter  flounder,  Pseudopleuroneates  ameriaanus ; 
scup,  Stenotomua  ahryaops;  cunner,  Tautogolabrua  adaperaua;  windowpane 
flounder,  Saophthalmua  aquoaua;  tautog,  Tautoga  onitia;  little  skate.  Raja 
ernnaaea;  Northern  searobin,  Pvionotua  aarolinua;  summer  flounder,  Paraliahthya 
dentatua  and  longhorn  sculpin,  Myoxoaephalua  oatodeaemapinoaua . Fash  species 
caught  less  than  ten  times  during  the  entire  sampling  are  not  included  in 
the  catch  per  hour  values  but  are  reported  in  Table  9. 

1 . Abundance 

Winter  flounder 

The  winter  flounder  was  the  most  abundant  species  of  fish  captured  and 
it  does  comprise  a commercial  fishery  in  the  area  as  well  as  a sport 
fishery  in  the  inshore  areas  of  Block  Island  Sound.  It  comprised  as  much 
as  71.8%  of  the  mean  catch  in  August,  1975,  and  69.8%  in  July,  1974.  The 
general  trend  of  stations  show  that  the  largest  amount  of  flounders  were 
caught  in  July;  the  number  was  reduced  greatly  in  October  and  reduced 
even  more  so  in  the  F-ebruary  sampling  with  the  numbers  increasing  again 
in  August,  1975.  Hxceptions  to  these  results  exist  at  two  stations.  At 
Station  A4  the  largest  catch  was  taken  in  October  and  at  Station  A8  the 
largest  catch  of  winter  flounder  was  taken  in  August  (Table  8). 

Scup 

In  general  the  catch  of  scup  was  largest  in  October  and  least  in  February. 
Stations  A2  and  A9  accounted  for  the  largest  catch  in  October  (Table  8) . 

Like  the  winter  flounder,  it  too,  comprises  a commercial  fishery  in  the  area. 
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Table  9 


List  of  Species  Collected  Fewer  Than 
10  Times  During  the  Sampling  Period  from 
duly  1974-August  197S 


Menidia  menidia 
Ur'ophyais  ahuso 
Paraliahthys  oblonyus 
Mcvaaanthus  hispidus 
Hemitripterus  aneviaanur, 

Myoxoaephalus  aeneus 
Peprilus  tviaoanthus 
Alosa  pseudohareruyus 

Alosa  aestivalii'  ^ 

Muotelus  aanis  ^ 

Anahoa  rnitchilli 

Osnerus  mordax 

Maavozoaraes  ameriaanus 

Phrjlis  gunnellus 

Armiodytes  ameviaanus 


G-16 


Cunner 

The  catch  of  cunners  show  this  species  to  be  more  abundantly  taken  during 
the  .July,  1974  sampling,  with  a reduced  catch  in  October  and  none  being 
taken  in  February.  An  increased  yield  was  observed  for  cunners  in  August, 
1975.  The  largest  catch  of  cunners  occurred  at  the  same  station,  F4 , in 
both  July  and  August  (Table  8) . 

Windowpane  flounder 

Windowpane  flounders  which  have  been  collected  in  large  amounts  in  other 
studies  on  Long  Island  Sound  (Amish  ii  Hauer,  1974;  Austin  &t  at.,  1973; 
Hauer,  1974)  were  caught  infrequently  in  the  area  of  the  New  London  Disposal 
Site.  They  comprised  17.3%  of  the  mean  catch  in  October  and  7.1%  in  July 
and  August.  Only  three  windowjianes  were  collected  during  the  February 
sampling.  The  largest  catch  per  hour  for  an  individual  station  occurred 
in  July  at  A9  (Table  8) . 

Tautog 

The  catch  of  tautog  was  almost  entirely  obtained  during  July,  1974.  Only 
two  were  collected  in  October,  1974  and  August,  1975.  None  were  taken 
during  the  February  sampling.  The  largest  catch  was  taken  at  A2  (Table  8). 
This  species  does  comprise  a sport  fishery  in  the  area. 

Little  skate 

The  little  skate  was  obtained  in  July,  February  and  August  samplings;  the 
majority  were  collected  in  August.  The  largest  contribution  of  little  skate 
was  taken  in  August  at  Station  A8  (Table  8) . 
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Tabic  8 

MbAN  SPbClES  ABlINnANCb 
Number  of  fish  collected  per  hour 
N.S.  = Not  sampled 


Tautona  onitis 

- ^ , — — 


Stat ion 

.July  1974 

October  1974 

I * ^ 

1 

February  1975 

August  1975  1 

A2 

.■^6 

4 

n 

1 

0 

A4 

16 

0 

0 

0 

A8 

0 

0 

0 

4 

A 9 

' 1 

4 ; 

0 

0 

0 

C2 

4 

0 

0 

0 

C6 

4 

0 

0 

0 

E9 

0 

N.S. 

0 

0 

F4 

12 

0 

0 

4 

F8 

0 

4 

0 

0 

Raja  erinaaea 


Station 

.July  1974 

October  1974 

February  1975 

August  1975 

A2 

28 

0 

0 

0 

A4 

4 

0 

0 

4 

A8 

0 

0 , 

4 

52 

A9 

4 

0 

8 

24 

C2 

8 

0 

0 

4 

C6 

8 

0 

12 

12 

E9 

0 

N.S. 

0 

8 

F4 

12 

0 

4 

0 

F8 

0 

0 

0 

20 
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Tabic  8 (cont.) 


Pscudo] < Icuronectes  amerinanui'. 


i 

1 St at  ion 

• Inly  1974  i 

October  1974 

February  1975 

1 

August  1975 

A2 

16 

4 

0 

0 

A4 

0 

176 

0 

i 

8 

A8 

276 

8 

100 

596 

A9 

152 

8 

48 

184 

C2 

156 

20 

0 

6 

C6 

996 

4 

0 

252 

i;9 

0 

4 0 

T4 

508 

64 

64 

28 

F8 

448 

12 

4 

148 

Stenotomus  ahri/sops 

Station 

July  1974 

October  1974 

February  1975 

August  1975 

A2 

64 

100 

0 

0 

A4 

24 

0 

0 

0 

A8 

12 

20  , 

0 

56 

A9 

48 

100 

0 

16 

C2 

60 

0 

0 

0 

C6 

0 

4 

0 

8 

F9 

4 

■ 1 

0 

0 

F4 

4 

40 

0 

12 

F8 

16 

0 

0 

8 

G-19 


Table  8 { cont . ) 


TautO'jol abrun  ad^ 'emun 


St  at  ion 

•July  1974 

October  1974 

l-ebruary  1975 

August  1975 

A 2 

4 

0 

0 

0 

A4 

52 

4 

0 

0 

AS 

0 

36 

0 

8 

Ay 

S 

4 

0 

0 

C2 

12 

60 

0 

36 

C() 

8 

0 

0 

12 

i;y 

0 

_ 

0 

0 

T4 

164 

164 

0 

0 

T8 

60 

0 

0 

4 

Saophthalmus  t 

2QU08U3 

Stat ion 

.July  1974 

October  1974 

February  1975 

August  1975 

A 2 

0 

24 

0 

0 

A4 

4 

0 

0 

8 

AS 

52 

40 

0 

44 

A 9 

108 

8 

8 

20 

C2 

4 

0 

4 

0 

C6 

4 

4 

0 

16 

i;y 

4 

. 

0 

0 

F4 

20 

20 

0 

8 

F8 

36 

80 

0 

16 
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TahU>  8 

{cont . ) 

PHonotut'  r;aro 

1 i HUS 

St  at  ion 

1 

.Inly  1974 

Octolicr  1974 

February  1975 

August  1975 

A 2 

0 

0 

0 

0 

A4 

0 

A 

•t 

0 

0 

A8 

n 

;) 

0 

.52 

A!) 

0 

0 

0 

4 

C2 

0 

0 

0 

0 

C(i 

4 

0 

0 

4 

lA.) 

0 

0 

0 

I- 4 

12 

4 

0 

8 

F8 

16 

8 

0 

0 

Paraliahthijs  deniatus 

Stat i on 

,Jnly  1974 

October  1974 

February  1975 

August  1975 

A 2 

0 

0 

0 

0 

A4 

0 

0 

0 

0 

A8 

0 

0 

0 

0 

A9 

0 

0 

0 

4 

C2 

0 

0 

0 

0 

C6 

4 

0 

0 

0 

H9 

0 

0 

0 

:-4 

12 

0 

0 

0 

16 

0 

0 

0 
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Table  8 (coiit . ) 
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Northern  searohin,  summer  flounder  and  longhorn  sculpin 

Ihc  three  remaining  species  were  all  caught  very  infrequently.  The 
northern  searohin  and  summer  flounder  were  caught  almost  exclusively  during 
the  summer  samjilings  (Table  8).  I'he  longhorn  sculjiin  was  only  caught  during 
the  february  sampling  (Table  8J . 

2 . Stomach  Content  Analysis 

Huring  the  sampling  period,  the  analysis  of  stomach  contents  was  performed 
on  seven  species  of  demersal  fish.  These  fish  include:  northern  searohin, 
Prionotus  aarolinus;  winter  flounder,  Pseudopleuroneates  amerncanus;  little 
skate,  Paja  erinaaea;  windowpane  flounder,  Saophthalmus  aquosus;  scup, 
Stenotonus  ahvusops;  tautog,  Tautoga  onitis  , and  cunner,  Tautogolahrus 
adspersus.  The  fish  collected  at  each  sampling  site  were  preserved  in  a 
buffered  10°6  formalin  solution  and  returned  to  the  laboratory  for  further 
investigation.  Of  the  nine  stations  sampled,  three  representative  stations 
were  chosen  to  be  used  in  this  analysis,  i'he  three  stations  are:  Station  A9, 
directly  to  the  east  of  the  disposal  site;  Station  C6, which  is  found  within 
the  boundaries  of  the  disposal  site,  and  Station  C2, located  to  the  west  of 
the  disj)osal  site. 

Northern  searohin 

Prionotua  aarolinua  (see  Figure  3)  was  caught  at  each  station, and  the 
predominant  food  item  was  found  to  be  the  amphipod  Leptocheima  pinguia. 

The  1.3i>  noted  as  "other"  in  the  total  for  all  stations  included  the  amphipods. 
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vador'wn  and  lJni''iola  irrovata ,imd  a small  amount  of  unidentified 
dij;ested  material. 

Winter  flounder 

PseudopLeuronecJtes  canerijanus  (see  I'igures  4-())  was  found  to  be  the  fish 
with  the  most  diverse  diet.  This  fish  was  also  caught  in  the  greatest 
numbers,  usually  with  the  quota  of  fifteen  fish  being  collected  per  station 
per  s;unpling  period.  The  most  common  food  item  was  found  to  be  the  ,'imphipod, 
■ 'icumavus  sp.,  with  a variety  of  polychaetes  and  amphipods  comprising  most 
of  the  remainder.  The  greatest  percentage  of  empty  stomachs  was  found 
during  the  Tebruary  sampling.  This  should  be  expected,  since  that  sampling 
took  place  during  the  flounders'  reproductive  season,  and  it  has  been  re- 
ported that  winter  flounder  refrain  from  eating  while  gravid.  The  10.3°o 
described  as  "other"  in  the  total  for  all  stations  included:  Unaiola 
irrorata,  Crangon  septemspinosus , Lepddonctiu  -l>quama.tuA>,  Caprella  sp.  , 
Muaaulus  rUgcA,  iiijpandcda  grayi,  Glyaera  amefUcana , Peatinaria  qouldid,  > 
Amf)harete  acutifiKms,  Chordata,  Nemertean,  Axiothella  sp . ,!iuLiiiia  lateralis, 
Neormjsis  ameriaana,  Corophium  sp.,  Photis  sp.  , bchinodermata , Nematoda, 
crab  larvae,  sponge,  various  unidentifiable  bivalves,  and  bits  of  wood  and 
sand . 

I.ittle  skate 

Paja  erinaoea  (see  figures  7-8J  were  collected  at  all  stations  during  the 
sampling  period,  and  were  found  to  have  a fairly  diverse  diet.  The  dominant 
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food  item  was  the  decajiodjf^ran^ton  septemspinosus , with  other  amphipoda  and 
jiolychaeta  following  close  behind.  The  l.l°b  noted  as  "other"  in  the  total 
for  all  stations  was  composed  of  Hijpatiiolxi  gnatf-i  ^Neomysis  amerifjana,  Unaiola 
irrorata,  fish  and  shell  fragments.  The  skate  was  found  to  have  a relatively 
low  percentage  of  empty  stomachs,  when  compared  with  other  species  sampled. 

Windowpane  flounder 

Scfophthalmus  aquosus  (see  l-igures  9-1 IJ  were  obtained  from  each  sampling 
site,  and  upon  examination, proved  to  have  a somewhat  limited  diet.  The  pre- 
dominant food  item  was  the  mysiii, Neomysis  ameviaarui , with  Cvanqon  septemspinosus 
following  close  behind.  At  Station  C6,  however,  the  dominant  item  was  Loligo 
sp.  with  Neomysis  amerioana  second.  The  1.9°o  listed  as  "other"  in  the  total 

for  all  stations  was  comprised  of  crab  larvae,  Leptocheims  pinguis  and  x 

> 

bits  of  rock. 

Stenotomus  ahrysops  (see  l-'igures  12-13)  were  collected  at  all  stations,  and 
during  all  sampling  periods,  except  for  the  1-ebruary  sampling  when  none  were 
caught.  They  were  found  to  have  a diverse  diet,  although  not  to  such  a 
degree  as  the  winter  flounder.  In  comparison  to  other  species  sampled,  fish 
at  each  station  had  a different  major  food  item.  The  2.7°o  labeled  as 
"other"  under  the  total  for  all  stations  consisted  of  Capvella  sp.,  unidenti-  ! 

fied  amphipoda,  Ampharete  aautifrons,  unidentified  polychaeta,  Photis  sp.,  ,>< 

j 

Pelecypoda,  Crustacea  and  copepods. 
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Figur*  10 
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Figurt  12 
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I'autog 

Tautoga  onitis  (see  Figure  14)  were  only  collected  at  Stations  AD  and  C2 . 
Iheir  diet  was  comprised  almost  entirely  of  Pagurus  sp.  and  Canaer  sp. 

Cunner 

Tautogo Labirus  adspersus  (see  Figures  15-16)  were  collected  at  all  stations 
and  during  each  samj)ling  [leriod,  except  for  the  February  sampling,  during 
which  none  were  collected.  The  cunner  may  be  described  as  an  opportunistic 
feeder,  Ujion  examination,  their  diet  proved  to  be  relatively  diverse,  with 
the  fish  at  each  station  having  a different  major  food  item,  i'he  1.6% 
noted  as  "other"  under  the  total  for  all  stations  consisted  of  Crangon 
septemspinoBus y Caprella  sp.,  Nassarius  sp.,  Musaulus  niger,  Brachyura, 
unidentifiable  fish  and  algae. 

3 . Age  and  Size  Range 

I'he  ages  and  sizes  of  fish  collected  at  the  New  London  Disposal  Site  were 
determined  for  four  species  and  are  presented  in  fable  10  and  Figure  18. 

These  species  are:  northern  searobin,  Prnonotus  aaiK>linus;  winter  flounder, 
Pseudopleuroneates  ame’m.aanue;  windowpane  flounder,  Scophthalmus  aquosus, 
and  scup,  Stenotomus  ahrynopr.  Ages  were  determined  by  counting  annuli  on 
otoliths  and/or  scales.  All  lengths  are  recorded  as  standard  length.  Due 
to  the  preserving  process,  the  age  determination  of  such  fish  as  tautog, 
Tautoga  onitis  and  cunner,  Tautogolabrus  adspersus  often  could  only  be 
approximated,  fhe  results  were  inconsistent  and  thus  the  data  are  not  re- 
ported. The  fish  used  in  this  determination  were  selected  from  three  repre- 
sentative stations  (Stations  A9,  C2,  and  C6;  see  Figure  1). 
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Figure  16 
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SlIMNUKV 

I'hc  demersal  fish  populations  at  the  New  London  Disposal  Site  were 
s;unplcd  four  times.  The  first  s;imple,  which  took  place  before  disposal 
operations  began,  determined  baseline  conditions  at  the  site.  The 
second  and  third  sampling  periods  were  scheduled  to  coincide  with  dis- 
posal. The  fourth  sample  was  taken  after  the  dredged  material  disposal 
was  completed. 

Of  the  1,577  fish  collected  over  the  entire  four  sampling  periods,  56i) 
were  obtained  before  disposal  began.  The  landings  of  fish  dropped 
sharply  when  disposal  operations  began  and  never  recovered  to  the 
pre-disposal  baseline  level.  This  variation,  however,  may  be  due  to 
seasonal  abundance  rather  than  the  effects  of  the  dredge  spoil.  The 
most  abundant  species  collected  throughout  the  study  was  winter  flounder. 

The  stomach  contents  of  seven  sjiccies  of  demersal  foraging  fish  were 
examined.  (Comparisons  were  observed  between  the  pre-disposal  and  post- 
disposal diets  in  Figures  3-16.  All  of  the  species  collected,  with  the 
exception  of  windowpane  flounder  and  tautog,  had  a varied  diet  and  may 
be  described  as  opportunistic  feeders.  Ihe  windowpane  flounder  and 
tautog  were  found  to  be  very  selective  in  their  food  habits. 

Ages  and  size  ranges  were  determined  for  four  species  of  fish  collected 
at  the  disposal  site. 
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H.  ncUh/i  Purvey  and  underwater  [diotcf^raphy  of  the  New  London  disposal  site. 

May  197^-*  to  .lune  197L- 

Lance  L.  Stewart 
Hobort  LeG<.)ursey 

ir.;  r ^ iu  e ien  M.'th'.  ir 

lin  n-rwi*  • r ■ bservat  ions  by  Uriiversity  of  Connecticut  divers  were  conducted 
t.  n te  a:.  1 re  ■■  ri  ir.-i'itu  bioloj-'ical  and  piiysical  processes  of  the  drcdpc-disposal 
leratioii  ' tia*.  w uld  be  difficult  to  detect  by  shipboard  experiment.  Initial 
eff  rts  W-.  re  iireeted  to  assess  ttie  types  and  ran^^e  of  benthic  habitat  found 
witi.ln  * :.e  il  area,  and  the  imj>act  of  disjiosal  on  corrmierc  i al  ly  im;-ortant  species 
wltn  en.;.  basis  en  t iie  lobster. 

lives  w-  re  .’j.ade  at  selected  stations  (the  four  corners  and  one  central  loca- 
tior.,  Fi^aire  l)  o.a  the  desi^:nated  disj>osal  site  to  determine  bottom  characteristics 
ar.d  tyjical  macr;  bentiios  within  the  area.  Lata  recorded  on  each  dive  included; 
aefth,  tidal  stape,  bottom  visibility,  est.imate  of  current  velocity  and  direction, 
i'Ottom  tyje,  and  j.redominant  benthic  species.  Compass  transects  were  followed 
on  each  dive  with  all  notable  observations  recorded  by  35  ram  still  or  l6  mm 
.motion  j'hotop.raphy . Average  bottom  time  for  transects  was  ajiproximately  25 
.minutes,  courses  I’ollowed  were  per;  endicular  or  oblique  to  bottom  current,  and 
listaiiCe  ranged  from  100-200  meters. 

Tlir-i  jgtiout  t.he  i*-riod  of  spoil  disj>osal,  dives  w«'re  made  directly  on  the 
release  ar>-a  (N.L.  hu'  y)  to  note  features  of  bottom  coverage,  relative  turbiiiity, 
and  biological  colonisation  of  the  dredged  material.  Photographs  were  taken  along 
several  t.rans'-cts,  f.iut  t.o  the  spoil  j <-r  i plcry , to  provide  visual  imi  ression  of 
the  conditions  an J composition  of  dri-dged  deposits.  Cpot  dives  were  made  at 
disposal  site  corrier:;  (apj  roximate  ly  .5  n.  miles  from  New  London  Buoy)  to  check  for 
evidence  of  spoil  disj'-rsal. 
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Figure  1.  Locations  of  dive  survey  sites  on  the  New  London 
disposal  area,  May-October  1974. 
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Underwater  35  p)iotorra[>hs  with  descriptive  text  were  [irovided  for  the 
second  quarteriy  report  (No.  h^)  and  iC  ran  color  footnr.c  was  edited  and  made 
available  for  viewing.  Copies  of  selected  35  slides  and  id  irjr.  footage  were 
duj'licated  for  use  by  p'orsontiei  at:  The  National  Marine  Fisheries  r«-*rvice  Labora- 

tory, Candy  iiook.  New  Jersey;  and  the  U.C.  Navy. 

results 

Table  1 lists  the  date,  location,  and  activity  for  all  University  of  Connecticut 
dive  surveys  to  date.  A series  of  sample  j'hotopraphs  (Figures  2-19)  illustrates  pre— 
disj'Osal  Lottom  conditions,  lobster  habitat,  characteristics  of  recently  dumped  spoil 
and  evifience  of  biological  colora-.’.ation.  Complete  film  records  (35  and  l6  mm) 
have  been  ind'-xed  and  are  on  file  at  the  Marine  Advisory  Service  Office,  bldg.  2U , 

Avery  Point. 

I tivest i gat i on  of  general  benthic  habitat  throughout  the  disposal  area  did  not 
reveal  bottom  type  supporting  high  populations  of  either  lobster,  Homarus  .-tmericanus, 
or  crab.  Cancer  ( st . ) . Lebster  burrows  were  scarce,  located  beneath  debris  or  scattered 
boulders  (Figures  7 & 9)^  or  constructed  directly  into  mud  substrate  (Figure  8). 

Cf'unts  of  individual  lobsters  observed  on  transect  dives  ranged  from  three  to  ten  with 
highest  numbers  recorded  in  the  north  central  mound  vicinity.  Productive  rock  reef 
areas  adjacexit  to  the  disposal  site  would  yield  counts  of  20-30  lobsters  jier  dive. 

Newly  dumjjed  sjjoil  provided  a relief  to  the  flat  featureless  bottom  that  apfx-ared 
mildly  attractive  to  lobsters  and  crabs.  Throughout  the  disjKisal  j^eriod,  freshly 
excavated  burrows  were  noted  along  the  periphei-y  and  in  clay  momid.s  on  the  sfioil  pile. 
However,  it  is  believed  continued  dumj'ing  activity  and  the  gradual  settling  of  the 
pile  did  not  allow  the  formation  of  an  increasing  number  of  burrow  locations. 
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Table  I.  Date  and  location  of  dives  on  the  New  London  Disposal  Cite  for 
Benthic  survey  and  underwater  photography.  May,  197^- June,  1976* 


Underwater 

Rentiiic  Photography 


i2J!l 

21 

May 

Northeast  corner 

X 

X 

13 

June 

Southeast  corner 

X 

X 

X 

26 

June 

Northwest  corner 

X 

X 

X 

N . L . Buoy 

X 

X 

8 

July 

North  central  (ItO'  mound) 

X 

X 

2 

Aunust 

Northeast  corner 

X 

X 

9 

September 

Northeast  comer 
Southeast  corner 
Northwest  corner 

X 

X 

16 

September 

N.L.  Buoy  (north  transect) 

X 

X 

lit 

October 

N.L.  Buoy  (south  transect) 

X 

X 

1212 

7 

March 

N.L.  Buoy  (southeast  transect) 

X 

X 

28 

May 

N.L.  Buoy  (south  transect) 

X 

X 

X 

23 

July 

300  yds.  East  of  N.L.  Buoy  (S.W.) 

X 

X 

1216 

10 

May 

N.L.  Buoy  (ENE  transect) 

X 

X 

l6 

June 

300  yds.  NE  of  N.L.  Buoy 
N.L.  Buoy  (east  transect) 

X 

X 

.5  miles  SE  of  N.L.  Buoy 

X 

Und'  rvitor  PhotOf'raphs  at  Selected  Stat.ioriB  at  the  New  Tjondon  Dump  Site 


General  Bottom  Tyj^es  : 

Fipure  2.  N.E.  Corner;  Depth  52';  Horizontal  field  view"  of  the  piioto 

(Hl'Vr'),  10".  Hatural  erosion  zone  around  masses  of  amjliiiiod  tul>es 
with  an  exposed  tube  of  Diopatra  cuproa  (uptior  center).  General 
sediment  condition  compact  and  apj'arently  consolidated  by  t.he  infauna. 

I'ipiure  3.  5/2l/7^<;  H-E.  Corner;  Depth  52';  HKVP  8".  Sponge  Desmacidon  sp. 

attached  to  shell  fragments  in  dense  concentration  of  amphipod  tubes, 
natural  settling  of  susjiended  matter  resulted  in  a fine  silt  veneer 
over  relatively  corai>act  bottom  sediment. 


Figure  1).  5/21/7^^;  N.E.  Corner;  Depth  52';  HFVP  l8" . The  winter  flounder. 

Pseudo pi euronectes  runcr i canus , was  abundant  at  all  rites  and  frequently 
associated  with  amphipod  communities. 

Figure  5.  6/26/7^;  N.b.  Buoy;  Dept.h  80',  Hl’VT’  l8".  Evidence  of  previous  dumpiing, 

of  dredge  spoils  of  estuarine  origin  indicated  by  the  f>resence  of  oyster 
and  bay  scallop  sliells.  Encrustation  of  Hal  i c>iondri  a growth  and  squid 
egg  clusters  were  often  encountered. 


Fi  gure  C.  9/9/7^;  S.E.  Corner;  Depth  85';  HKVP  5".  Blood.star,  Henricia  sanqui  no!  enta, 
was  a major  component  of  tiie  epibenthic  fauna  at  all  stations.  The  iieavy 
shell  fragments  and  sand-mud  substrate  were  similar  to  the  substrate 
observed  at  N.L.  buoy  site. 

Figure  7.  6/26/7^4;  H.  L.  Buoy;  Dei>th  80' ; HFVI’  36".  Typical  lobster  burrow  in  sub- 

strate, showing  excavated  materials,  range  of  cobble-boulder  sizes,  ."tnd 
associated  fauna. 


i igure  8.  6/26/7)4;  N.L.  Buoy;  Depth  75';  Hl’VP  30".  Lobster  liurrow  excavated  in 

cohesive  mud-silt  substrate  rich  in  amphipod  tubes. 

Figure  9-  5/21/7I4;  N.E.  Corner;  Depth  50';  HFVP  20".  Ixibster  burrow  constructed 

under  waterlogged  wood  from  jirevious  dumping  operations.  Wooden  and 
steel  beiims,  brass  [upes  and  iron  bulklicads  were  often  sighted  and 
provided  attaciiment  surfaces  or  shelter  for  benthic  organisms. 
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Dfedf’e  npoil  CJiaracter  istics  : 


Fifur-?  10. 


Fifixre  11. 


Fif;are  12. 


F i pure  1 3 . 


Figure  ll<. 


Figure  15 . 


Figure  l6. 


Figure  17. 


Fip'ire  18. 
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9/16/7^;;  N.L.  Buoy  (N);  Depth  70' ; liiYP  6".  Finfioh,  cructaceans 
and  Fouling  organisms  were  seen  to  colonize  newly  de.nosited  dredge 
spoils.  Photo  shows  a r<1ercenaria  shell  embedded  in  clay  with  a newly 
settled  .-uiemone.,  Diad\jjnene  leucolona  (arrow). 

N.L.  Buoy  (S)<^Depth  75';  HFVP  20".  Evidence  of  erosion 
of  fine  sediment  about  tno'.  clay  clump.  Note  vertical  fissures  of 
cohesive  clay  clump. 

5/10/76;  N.L.  Buoy  (E);  Depth  65';  HIW  12".  Sediment  surface 
features  illustrating  the  cap  of  coarse  sediment  and  shell  fragments 
overlying  a soft  uncompacted  mud-clay  base.  Fpi faunal  growth 
indicates  current  direction. 

5/10/76;  N.L.  Buoy  (E);  Depth  65';  HFVP  I4".  Colonization  of  s^ioil 
surface  by  porifera  and  hydroids. 

5/10/76;  N.L.  Buoy  (E);  Depth  65';  HlYP  6".  Concentrations  of  annelid 
polychaete  tubes  were  abundant  and  not  limited  to  perijlieral  regions. 
Development  appeared  opfxirtunistic  and  occurred  in  clonal  clusters. 

5/10/76;  N.L.  Buoy  (E);  Depth  65';  HFVP  6".  Erosion  of  several  clay 
mounds  has  occurred;  burrowing  acti’dty  has  contributed  to  fracture 
and  disintegration  of  these  moimds. 

5/10/76;  N.L.  Buoy  (e);  Depth  65';  HFVP  16".  A high  degree  of  I'urroving 
was  observed,  primarily  by  the  crabs.  Cancer  borealis  and  Cancer 
irroratus . Many  clay  b;uiks  were  partially  excavated  by  crabs  and  later 
expanded  to  l.'irger  burrow  dimensions  by  the  lobster. 

5/10/76;  N.L.  Buoy  (E);  Depth  65';  HFVP  B".  The  cntnuice  to  the  lobster 
burrow  commonly  noted  on  the  newly  deposited  spoil  materials.  Burrow 
counts  on  certain  trfuisects  were  as  higli  as  12-15  • 

9/1L/7I*;  N.L.  Buoy  (E);  Depth  70';  HFVP  12".  Lorsely  consolidated  clay 
balls  (.5-1  cm  diameter)  were  observed  to  roll  over  the  spoil  pile. 
Disfiersals  of  firedged  material  was  not  restricted  solely  to  resuspension 
V'-locity  but  occurred  often  by  this  process. 

5/10/76;  N.L.  Buoy  (E);  Depth  65';  HFVP  lO".  Concentration  of  Pi  tar  and 
rc.-naria  valves  adjacent  to  clay  clumps  further  indicat.e  rictive  erosion 
and  Sediment  scouring. 
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Figure  12 
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Figure  13 
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Lobster  pot  surveys  were  .-itternjited  to  paupe  relative  fishinp  effort  on  the  N.L. 
site  duriiip  disposal.  Throe  svn'veys  (timed  rectangular  cruise  j)atterns  to  cover  the 
one  r..  r.ile  square  area  with  count  of  all  pot  buoys  visible)  were  made  on  6 Aupust 
<-■(’  September  19TL,  and  23  July  1975-  Estimates  of  pot  numbers  were  96,  6,  and  70 
respectively.  Pot  number  fltict nations  were  great  and  on  certain  dive  survey  cruises, 
no  pfs  W'-re  observed  within  the  disf'osal  area.  However,  pots  when  present  were 
concentrated  in  two  locations;  at  the  north  central  mound  or  in  the  southwest  iJ.L. 

Buoy  vicinity.  On  site  interviews  with  lobstermen  on  the  "Caroline  J"  and  the  "Debra 
Lynii",  b;,tli  Ctoiiington  boats,  indiv<ated  no  abnormalities  in  lobster  condition  or 
catch  riiimbers.  B'Oth  parties  indicated  the  forty  foot  mound  was  traditionally  fished 
while  sets  at  the  l.'.L.  Buoy  were  experimental. 

.Existing  features  (May-June  1976,  Figures  lP-19)  within  a 50  m radius  of  the 
l.'.L.  buoy  strongly  suggest  a gradual  dispersal  of  spoil  material  has  occurred.  The 
immediate  jiost-dredge  topograp'hy  has  flattened  considerably,  distinct  mottnds  and 
troughs  are  less  obvious,  and  fine  sediment  has  been  eroded  leaving  2-3  m diameter 
jatch  areas  of  coarse  material.  A high  degree  of  spoil  sediment  compaction  had  occurred 
since  ti.e  time  of  last  survey  (July  1975),  and  may  have  accounted  in  part  to  the 
leveling  of  previously  noted  bottom  features. 

Attem.pts  to  locate  the  northeast  spoil  border,  one  year  after  disposal  had  ceased 
were  successful  and  a definite  spoil-original  bottom  border  could  be  detected.  At  depths 
less  than  30  m,  the  mapping  of  a spoil  periphery  by  undei’water  survey  would  be 
feasible.  Permanent  frontal  locations  could  be  marked  by  pingers  to  determine 
stability  or  advance  with  time.  Also,  the  area  of  spoil  coverage  could  be  plotted 
by  underwater  circumnavigation  of  the  spoil  [>ile. 
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unr.a  ry : 

i.  Underwater  jihotographs  illustrate  f>redisposal  bottom  conditions,  lobster 
habitat  on  the  site,  characteristics  of  spoil  after  dis{:)OGal,  and  evidence 
of  biological  recolonization. 

. . Troug.ns  and  mounds  of  newly  dumped  material  provided  a relief  to  the  nor- 
mally flat  bottom  toi)ography  and  was  initially  attractive  to  benthic  fish 
and  Crustacea. 

3.  Survey  of  a north-central  forty  foot  mound,  a previous  disposal  site, 
indicated  a high  concentration  of  lobster,  crabs,  and  flounder. 

h.  Observation  of  the  water-spoil  interface  during  1.5  knots  current  conditions 
aid  not  indicate  visually  noticable  turbidity.  The  action  of  .5-1  centimeter 
diameter  clay  balls  rolling  over  the  spoil  pile  was  observed  as  a sediment 
transport  process. 

5.  Recent  (May,  June,  1976)  dives  indicated  scouring  of  the  sediment  and 
disintegration  of  clay  mounds  has  occurred.  Tlie  general  topography  has 
flattened  considerably.  There  is  evidence  of  sorting,  leaving  a cap  of 
shell  fragments  and  2-3  m diameter  j>atches  of  coarse-gravel  material.  Spot 
dives  indicate  spoil  spreading  may  have  approached  a point  .5  n.  miles 
southeast  of  the  I.’.L.  Buoy.  A definite  sj>oi  1-natural  bottom  border  w.as 
detected  in  the  northeast  (juadrant  one  year  after  disjiosal  had  ceased. 


